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Fig.  1.  Before  Hurricane  Eloise  hit  the  Gulf  of  Mexico  coast  of  Florida  in 
September  1975,  this  section  of  heavy  sea  wall  in  Bay  County  provided 
seemingly  strong  protection  against  storm  surge  tide  and  strong  waves. 
Note  the  end  triangle  of  the  gable  house  in  the  upper  left  part  of  the 
photograph. 


Fig.  2.  After  Hurricane  Eloise  of  1975,  along  the  same  section  of  Bay  County  as 
shown  in  Figure  I .  The  same  house  as  indicated  in  Figure  I  is  shown  by 
the  arrow.  The  heavy  sea  wall  and  several  of  the  houses  have  been 
completely  demolished  as  a  result  of  large  storm  tides  and  high  waves. 


Preface 

Hawaii,  Alaska,  and  21  of  the  48  contiguous  states  have 
shorelines  on  the  Pacific,  Arctic,  and  Atlantic  Oceans,  the  Bering 
and  Beaufort  Seas,  and  the  Gulf  of  Mexico.  Eight  states  border 
the  Great  Lakes  (New  York  also  borders  the  Atlantic  Ocean). 
Thus,  30  of  our  50  states,  plus  Puerto  Rico,  the  Virgin  Islands, 
Guam,  and  other  protectorates,  have  coastlines.  It  is  estimated 
that  roughly  one-half  of  the  population  of  the  United  States  lives 
within  50  miles  of  a  coast.  Therefore,  the  safety  and  economics  of 
structures  on  the  coast  and  in  the  ocean  are  of  major  importance 
to  the  United  States. 

The  forces  from  waves,  currents,  wind,  ice,  and  human  activi¬ 
ties  are  continuously  reshaping  the  shoreline  and  changing  the 
ecological  equilibrium  of  the  coast.  Offshore  on  the  continental 
shelf  are  thousands  of  platforms  supported  by  the  ocean  bottom. 
Anchored  in  the  deep  ocean  are  structures  of  various  sizes,  from 
small  buoys  to  large  ocean  vessels.  Environmental  forces  and  how 
they  are  accommodated  through  engineering  design  determine  the 
safety  and  economic  viability  of  these  structures.  Harbors  link  our 
land  transportation  terminals  to  vital  overseas  trade  routes. 
Consequently,  they  must  be  designed  properly  to  resist  natural 
hazards,  and  they  must  be  economically  competitive  in  world 
markets. 

Engineers  have  designed  well  in  most  cases,  but  some  coastal 
and  ocean  systems  have  failed,  and  some  may  have  been  designed 
too  conservatively.  Failures  of  both  kind  demonstrate  that  engi¬ 
neering  research  is  needed  to  understand  better  the  characteristics 
of  hazards  and  the  physical  systems  that  resist  them.  As  new  chal¬ 
lenges  appear,  there  must  be  a  well-educated  cadre  of  engineers  to 
develop  effective  solutions. 

On  February  14  and  15,  1984,  an  ad  hoc  committee  of  invited 
engineers  met  at  Oregon  State  University  to  explore  the  research 
needed  on  natural  marine  hazards.  The  workshop  was  supported 
by  the  National  Science  Foundation  and  the  Office  of  Naval 
Research  through  grant  no.  CEE-8320314  to  Oregon  State  Univer¬ 
sity.  The  committee  comprised  26  eminent  engineers  who  have 


devoted  most  of  their  careers  to  working  on  coastal  and  ocean 
problems.  They  came  predominantly  from  universities,  although 
three  were  from  federal  agencies  and  one  was  associated  with  a 
consulting  engineering  firm.  Alaska,  Hawaii,  Colorado,  Washing¬ 
ton,  D  C'.,  and  12  of  the  48  contiguous  states  with  shorelines  were 
represented.  The  participants  energetically  discussed  the  hazards 
to  which  coastal  and  ocean  structures,  beaches,  and  disposal  sys¬ 
tems  are  subjected,  the  research  needed  to  understand  these 
hazards,  and  the  necessity  for  further  development  of  university 
graduate  programs  for  this  subject.  This  report  is  a  summary  of 
the  workshop  findings. 

The  committee  reached  a  consensus  that  the  United  States 
would  benefit  from  a  national  focus  on  coastal  and  ocean  engineer¬ 
ing  research  in  its  universities.  A  very  large  area  of  the  country  is 
subjected  to  the  effects  of  hurricanes,  winter  storms,  possible 
long-term  sea  level  rise,  tsunamis,  the  disposal  of  heat,  organics, 
and  chemicals  in  the  ocean,  and  other  natural  and  man-made 
hazards.  C  arefully  directed  research  programs  can  help  to  mitigate 
these  hazards  and  reduce  the  loss  of  life  and  property. 

Research  needs  in  this  area  are  significant.  This  report  pres¬ 
ents  a  first  estimate  of  what  research  is  needed.  The  committee  is 
aware  that  many  subjects  presented  here  are  under  investigation  to 
some  extent  by  government  agencies  and  by  relatively  small  univer¬ 
sity  research  efforts.  The  recommendations  presented  are  intended 
to  supplement  these  programs,  not  supplant  them,  l  or  example, 
an  emphasis  is  placed  on  the  need  for  an  investigative  team  to 
report  on  the  effects  of  severe  events  on  the  coasts  and  in  the 
oceans,  in  conjunction  with  measurements,  to  gather  much  needed 
additional  information  on  the  characteristics  of  natural  hazards. 
The  Committee  on  Natural  Hazards  of  the  National  Research 
Council  at  present  performs  a  similar  function.  However,  the 
committee  must  respond  to  all  types  of  disasters,  on  land  and  sea, 
and  budget  limitations  preclude  surveys  of  most  of  the  severe 
coastal  and  offshore  events. 

In  the  time  available  to  the  ad  hoc  committee,  all  existing 
organizations  that  could  be  touched  by  the  recommendations  herein 
could  not  be  identified.  Thus,  this  report  represents  a  first  attempt 
to  identify  those  coastal  and  ocean  hazards  that  can  be  mitigated 
by  federal  support  of  engineering  research  in  U.S.  universities. 
Coordinating  such  research  with  on-going  efforts  is  left  to  the 
future. 

Coastal  and  ocean  engineering  is  a  highly  technical  and  di¬ 
verse  subject.  However,  it  is  our  intent  that  this  report  be  readily 
understood  by  persons  with  nontechnical  backgrounds.  In  a  lim- 
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itcd  space,  it  is  not  possible  to  address  all  the  problems  that  exist, 
but  the  important  issues  presented  here  indicate  the  breadth  of  the 
committee’s  concerns.  It  is  hoped  this  report  will  serve  as  a  prelimi¬ 
nary  planning  document. 

The  primary  recommendation  of  the  committee  is  that  the 
Civil  and  Environmental  Engineering  Division  of  the  Engineering 
Directorate  of  the  National  Science  Eoundation  establish  a  pro¬ 
gram  of  coastal  and  ocean  engineering  research  with  a  funding 
base  building  to  S10  million  per  year  within  three  years  from  the 
program  initiation. 

John  H.  Nath,  Chairman 
Ad  Hoc  Committee  for  a  Workshop  on 
Natural  Hazards:  Research  Needs 
in  Coastal  and  Ocean  Engineering 


Executive  Summary 

Winter  storms,  hurricanes,  tsunamis,  submarine  mudslides, 
the  thrust  of  ice  packs,  corrosion,  and  other  marine  hazards  have 
caused  heavy  loss  of  life  and  property  on  the  coasts  of  the  United 
States  and  at  sea.  Annual  losses  have  increased  rapidly  since 
World  War  II,  partly  because  of  the  accelerated  population  growth 
in  the  coastal  regions  and  partly  because  of  increased  property 
values  there.  Some  coastal  engineering  problems  are  exacerbated 
by  domestic,  industrial,  and  agricultural  waste  disposal,  the  vol¬ 
ume  of  which  grows  out  of  proportion  with  the  population  growth. 

University  research  in  coastal  and  ocean  engineering  has  been 
funded  piecemeal  by  federal  and  state  agencies  for  the  past  five 
decades.  The  work  has  been  important  for  developing  basic  knowl¬ 
edge  of  the  characteristics  of  natural  hazards  and  of  ways  to  plan 
for  them  in  terms  of  building  appropriate  structures  and  regulat¬ 
ing  human  activities.  However,  research  funds  have  diminished 
severely  in  the  last  decade,  while  losses  to  the  nation  have  in¬ 
creased  from  hurricanes,  winter  storms,  ocean  waste  disposal,  and 
other  hazards.  The  nation  must  reverse  this  trend  and  give  more 
attention  to  hazard  mitigation  through  university  engineering  re¬ 
search  and  graduate  education.  The  effort  will  help  provide  eco¬ 
nomical  solutions,  ensuring  maximum  public  safety  within  fiscal 
and  other  constraints. 

Even  under  ordinary  storm  conditions  there  is  at  least  some 
economic  loss  because  the  quality  of  our  coastal  structures  and 
harbors  varies  widely.  Under  extraordinary  conditions  with  partic¬ 
ularly  severe  events  like  Hurricane  Frederic  in  1979,  losses  run  into 
billions  of  dollars.  Economic  losses  result  from  a  variety  of  factors: 
flooding  of  coastal  areas,  beach  erosion,  harbor  siltation,  exces¬ 
sive  wave  forces  on  structures,  breakwater  failures,  capsizing  of 
fishing  and  recreational  boats,  broken  moorings  for  aids  to 
navigation,  ice  forces  and  other  cold  weather  problems,  metal 
corrosion  and  collapse,  accumulations  of  marine  growths  impair¬ 
ing  operations,  loss  of  timber  strength  from  marine  borers,  and 
pipeline  displacements  from  submarine  mudflows.  The  list  is  not 
exhaustive,  but  it  provides  an  idea  of  the  range  of  problems  that 
concern  coastal  and  ocean  engineers. 


Coastal  and  Ocean  Hazards 

The  ad  hoc  committee  on  natural  hazards  and  research  needs, 
supported  by  the  National  Science  Foundation  and  the  Office  of 
Naval  Research,  identified  the  following  hazards  as  the  most 
important  ones  and  cautioned  that  they  require  engineering  re¬ 
search  now . 

Winter  Storms 

The  winter  storms  of  1982-1983  resulted  in  extensive  eco¬ 
nomic  losses  all  along  the  west  coast.  In  California  alone  nearly 
$100  million  in  damage  to  public  property  occurred  (2).*  Nor¬ 
mally  about  four  to  six  major  storms  strike  the  California  coast 
each  winter.  However,  there  were  seven  in  1982  and  eight  in  1983, 
all  of  which  were  unusually  intense.  The  paths  of  Pacific  Ocean 
storms  approaching  the  west  coast  of  the  U.S.  were  more  due 
west-cast  than  usual.  This  meant  that  the  wind  transferred  its 
energy  to  the  water  over  longer  distances,  resulting  in  much  stronger, 
more  dangerous  waves.  The  combined  effects  from  stronger  waves, 
extreme  lunar  tides,  wind-induced  storm  surge,  and  an  increase  in 
the  general  sea  level  of  about  1  foot  (apparently  caused  by  El 
Nirto)  destroyed  pier  decks  and  pilings,  scoured  sediment  around 
piles  and  under  seawall  foundations,  and  produced  wave  overtop¬ 
ping  of  breakwaters  and  seawalls. 

Future  losses  of  this  nature  can  be  greatly  reduced  if  pilings 
are  stronger  and  driven  deeper  into  the  foundation  materials;  if 
pier  decks  are  built  higher  above  the  mean  sea  level;  if  higher 
breakwaters  are  designed  using  heavier  and  stronger  armor  units; 
if  seawall  foundations  are  more  extensive;  and  if  local  or  state 
planning  agencies  provide  more  prudent  guidance  or  regulations 
for  siting  and  constructing  coastal  structures  and  facilities. 

Obviously,  these  remedies  are  expensive,  but  a  well-educated 
coastal  engineer  can  make  decisions  that  are  economically  sound. 
For  example,  it  is  the  engineer’s  responsibility  to  determine  how 
high  the  breakwater  must  be.  Breakwaters  are  much  wider  at  the 
bottom  than  at  the  top  because  the  side  slopes  must  be  maintained. 
Therefore,  construction  costs  rise  rapidly  with  increasing  breakwater 
height:  the  higher  the  breakwater,  the  broader  must  be  the  base 
which  supports  it.  Additional  heights  are  achieved  by  adding 
material  all  across  the  bottom  of  the  breakwater.  If  the  breakwa¬ 
ter  is  constructed  higher  than  required  to  prevent  overtopping, 
resources  have  been  wasted.  If  it  is  too  low,  the  safety  of  the 
public  is  at  risk.  If  an  engineer  were  better  able  to  predict  the 

•  Numbers  in  parentheses  refer  to  the  references. 
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combined  effects  of  severe  events,  such  as  those  that  occurred  on 
the  west  coast  in  the  winter  of  1983.  he  could  design  structures  that 
are  both  safe  and  economical.  We  need  to  know  more  about  the 
selection  of  designs  which  work  best  in  storm  conditions,  more 
about  the  resulting  wind,  wave,  and  current  forces  on  coastal  and 
ocean  structures,  and  more  about  structural  resistance  to  environ¬ 
mental  forces. 

Hurricanes 

Hurricanes  originate  in  the  tropics  during  warm  summer 
months  and  intensity  by  extracting  tremendous  energy  from  the 
warm  ocean  surface  water.  They  produce  sustained  winds  of  120 
mph  or  more  with  gusts  of  around  180  mph.  The  wind,  combined 
with  high  storm  tides  and  large  waves,  destroys  lives  on  land  and 
at  sea  and  devastates  property.  A  negative  pressure  within  the 
storm  causes  the  water  level  to  rise  higher  than  the  level  outside  the 
storm.  In  addition,  the  wind  acts  with  a  shearing  force  on  the 
surface  of  the  water,  causing  it  to  "pile  up"  toward  shore.  I  his 
storm  surge  can  create  a  temporary  rise  in  sea  level  which  effec¬ 
tively  carries  the  destructive  wave  forces  even  further  inland,  as 
well  as  inundating  the  lower  coastal  elevations.  In  1969,  Hurricane 
Camille  caused  a  peak  storm  tide  of  more  than  22  feet.  It  an 
extreme  lunar  tide  were  to  occur  simultaneously  with  this  peak 
storm  tide,  the  resulting  destruction  vv  ild  be  increased. 

After  spending  several  days  flirting  with  the  east  coast.  Hurri¬ 
cane  Diana  hit  the  North  C  arolina  coast  on  September  13,  1984. 
with  110-mph  winds  and  tides  10  feet  above  normal.  Damage  was 
estimated  at  more  than  S25  million  even  though  the  winds  were  of 
lower  speed  than  for  many  hurricanes.  As  population  increases  on 
the  coast,  the  cost  of  property  damage  increases  for  even  relatively 
weak  hurricanes. 

In  19(X),  one  of  the  most  notable  hurricanes  in  the  history  of 
the  United  States  caused  the  drowning  of  6, (XX)  people  in  the 
vicinity  of  Galveston  Island,  Texas.  Since  then,  modifications  to 
costal  structures  and  development  of  evacuation  procedures  have 
reduced  the  possibility  that  a  similar  tragedy  will  recur.  After  the 
hurricane,  the  elevation  of  the  island  was  increased  with  fill,  and  a 
large  seawall  was  constructed  along  much  of  the  gulfward  shoreline. 
In  addition,  a  hurricane  warning  system  was  developed  by  the 
National  Weather  Service,  National  Oceanic  and  Atmospheric 
Administration.  The  system  has  markedly  improved  the  ability  of 
the  National  Hurricane  Center  to  predict  when  a  hurricane  will 
reach  land  and  to  provide  early  warning  to  residents  should  evacua¬ 
tion  be  necessary. 
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Offsetting  these  technological  advances  is  the  greatly  increased 
population  density  along  many  hundreds  of  miles  of  low-lying 
shoreline.  Safely  evacuating  the  increased  population  when  a  se¬ 
vere  hurricane  hits  again  will  he  much  more  difficult  since  more 
lead  time  is  needed  to  avoid  highway  congestion  and  other  problems. 

A  summary  of  the  most  costly  United  States  hurricanes  of 
this  century  shows  that  the  losses  in  dollar  values  from  the  most 
recent  severe  hurricanes  are  much  greater  than  those  that  occurred 
at  the  beginning  of  this  century .  I  his  trend  is  due  to  the  increase  in 
property  values  and  population  shifts  to  the  coast . 

Sea  l  evel  Rise 

A  long-term  general  rise  in  sea  level  would  expose  the  coastal 
/one  to  increasingly  serious  economic  losses  from  winter  storms 
and  hurricanes.  Some  recent  studies  have  projected  that  the  gen¬ 
eral  average  sea  level  will  rise  at  a  faster  rate  than  in  the  past  (7). 
The  studies  predict  that  the  increased  carbon  dioxide  in  the 
atmosphere,  a  result  of  the  burning  of  fossil  fuels,  will  create  a 
“greenhouse"  effect  that  will  cause  some  melting  of  polar  ice 
caps.  The  rise  is  estimated  to  he  in  the  range  of  from  1  to  7  feet  in 
the  next  century,  whereas  sea  level  rose  approximately  1  foot 
during  the  last  century  .  It  is  argued  by  some  that  natural  mitigat¬ 
ing  effects  will  offset  such  a  rise.  However,  if  a  long-term  rise  is  in 
progress,  there  will  be  major  problems  on  all  of  our  low-lying 
coasts  from  strong  storms.  The  most  effective  defense  against 
such  a  possibility  is  informed  planning  based  on  sound  data.  A 
long-term  measurement  program  should  be  initiated  now  to  aug¬ 
ment  the  efforts  of  the  National  Oceanographic  Survey  and  other 
agencies  to  determine  the  magnitude  and  rate  of  sea  level  rise. 
Most  existing  tide  gages  are  located  in  harbors  for  navigation 
purposes.  A  sea  level  measurement  program  should  be  planned 
and  implemented  to  measure  tides  and  mean  sea  level,  not  only  in 
the  harbors,  but  in  the  open  ocean  as  well,  over  a  long  period  of 
time.  New  measurement  techniques  will  need  to  be  developed  as 
part  ot  the  research. 

Ice  and  Other  C  old  Region  Problems 

The  Arctic  and  the  Great  l  akes  have  attracted  special  atten¬ 
tion  lately  because  of  the  raw  petroleum  reserves  in  the  former  and 
the  increased  population  and  property  values  on  the  shores  of  the 
latter.  Stationary  ice  can  cause  pull-out  of  piling  for  fixed  structures, 
associated  with  very  large  horizontal  loads.  This  pull-out  results 
from  tides  and  the  wind  and  current  forces  acting  on  the  ice.  Ice 


restricts  navigation  and,  thus,  the  ability  to  conduct  commerce  in 
these  regions.  Coastal  structures  are  threatened  when  ice  scours 
the  shoreline.  A  basic  fund  of  knowledge  about  ice  formation,  the 
resulting  forces  on  structures,  the  resulting  shoreline  scour,  and 
ice  mitigation  measures  is  just  beginning  to  form.  Continued 
advances  in  our  understanding  of  basic  ice  phenomena  are  essen¬ 
tial  for  the  development  of  modern  engineering  in  arctic  coastal 
regions. 

Tsunamis 

Tsunamis  are  long  waves,  usually  generated  in  association 
with  coastal  earthquakes.  Their  character  is  such  that  as  they 
approach  land,  the  wave  height  increases  drastically.  Individual 
tsunamis  have  killed  thousands  of  people  in  countries  bordering 
the  Pacific  Ocean.  In  the  United  States  more  people  have  died  in 
the  past  50  years  from  tsunamis  than  directly  from  terrestrial 
earthquakes  (8). 

Other  Marine  Hazards 

The  marine  environment,  even  when  benign,  creates  difficul¬ 
ties  for  human  operations  because  of  our  lack  of  basic  knowledge. 
One  example  is  the  growth  of  sea  organisms  on  structures.  These 
organisms  add  to  the  s i/e  and  roughness  of  structures,  which  in  turn 
increases  the  forces  of  waves  and  currents  on  them.  These  growths 
also  contribute  to  equipment  failures  by  blocking  intakes,  coating 
heat  exchangers,  and  causing  instrument  sensors  to  malfunction. 
More  information  is  needed  to  be  able  to  control  or  account  for 
these  organisms.  Specifically,  little  is  known  regarding  rates  and 
characteristics  of  growths  as  related  to  geographical  locations  and 
depths  below  the  surface.  The  effects  of  changes  in  water  tempera¬ 
ture,  salinity,  and  nutrients  from  human  activities  need  to  be 
established. 

The  safety  of  moored  ship-*,  guyed  offshore  platforms,  and 
oceanographic  research  buoys  is  sometimes  limited  by  our  knowl¬ 
edge  of  the  resistance  provided  by  sea  floor  sediments.  Advances 
in  geotechnical  knowledge  for  terrestrial  construction  have  been 
considerable  in  the  past  three  decades.  However,  due  in  part  to 
measurement  problems  and  sampling  difficulties  and  in  part  to  the 
heterogeneous  nature  of  marine  sediments,  advances  in  knowledge 
for  marine  construction  have  been  slower.  As  activities  and  expen¬ 
ditures  increase  in  the  marine  environment,  we  must  learn  more 
about  the  engineering  characteristics  of  the  geological  features  and 
geotechnical  characteristics  of  the  ocean  bottom. 


A  Technology  Deficit 

Within  the  last  20  years,  coastal  and  ocean  engineering  in  the 
United  States  has  steadily  declined  from  a  position  of  eminence  in 
the  world.  The  decline  is  a  direct  result  of  severely  reduced  fund¬ 
ing  of  university  research  in  this  field.  There  is  a  feeling  of  alarm 
in  this  committee  that  the  failure  of  the  federal  government  to 
fund  research,  to  support  graduate  students,  and  to  modernize  our 
laboratories  has  forced  U.S.  industries  to  import  technology  from 
the  United  Kingdom,  the  Netherlands,  Japan,  and  Norway.  The 
result,  if  this  trend  is  not  reversed,  will  be  a  continuing  weakening 
of  our  present  position  and  a  worsening  of  our  balance  of  pay¬ 
ment  deficits. 

Hazard  Mitigation  Efforts  and  Research  Needs 

Engineering  research  must  be  encouraged  in  order  to  reduce 
the  risk  to  the  nation  from  marine  hazards.  The  following  efforts 
are  recommended  by  the  committee  as  the  activities  most  needed 
at  this  time.  Engineering  research  can  generally  be  divided  into 
three  categories:  field  studies,  laboratory  studies,  and  analytical 
studies.  However,  social  and  economic  research  studies  and  engi¬ 
neering  graduate  teaching  programs  are  also  essential  to  the  suc¬ 
cess  of  public  works  projects. 

Field  Studies 

•  Hazard  assessment.  More  information  about  the  physical 
and  statistical  anatomy  of  natural  hazards  such  as  winter  storms, 
hurricanes,  and  tsunamis  must  be  exposed.  Long-term  measure¬ 
ments  of  wind  speeds,  wave  heights,  and  recurrence  intervals 
typify  the  type  of  field  measurements  needed  for  each  hazard.  It  is 
especially  important  to  develop  instruments  and  techniques  to 
measure  physical  phenomena  in  the  surf  zone  and  the  nearshore 
region  during  high  energy  events. 

•  Long-term  studies.  Most,  if  not  all,  studies  to  date  have 
been  short-term  because  of  funding  limitations.  Long-term  studies 
are  needed  to  identify  important  slowly  varying  phenomena,  such 
as  the  gradual  change  in  mean  sea  level  and  the  shifting  of  geologi¬ 
cal  features.  Expriments  should  be  designed  with  completeness  in 
mind;  some  projects  may  require  several  years  of  effort.  In  the 
past,  budget  restrictions  have  forced  a  tendency  for  projects  to  be 
short-lived  and  somewhat  incomplete. 

•  Post  event  surveys.  After  severe  events  (such  as  tsunamis  or 
hurricanes)  that  pertain  to  coastal  and  ocean  engineering,  there  is 
a  need  for  an  immediate  response  by  well- funded,  well-equipped 
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engineers,  who  can  record  perishable  data,  l  or  example,  evidence 
on  the  actual  extent  of  a  tsunami  is  lost  within  a  few  weeks  or 
months  by  the  cleanup  efforts  of  humans  and  the  growth  of 
vegetation. 

•  Prototype  measurements.  Accurate  measurements  of  the 
response  (stresses,  motions)  of  seawalls,  breakwaters,  moored 
platforms,  piers,  pipeline  ballast,  and  other  structures  to  environ¬ 
mental  forces  are  needed. 

•  Measurements  of  tide  and  long-term  sea  level  rise.  Measure¬ 
ments  should  be  made  in  appropriate  locations  to  obtain  the 
information  necessary  for  research  on  changes  in  relative  sea  level. 

Laboratory  Studies 

•  Generally,  our  university  laboratories  arc  not  capable  of 
performing  important  model  studies  for  coastal  and  ocean  struc¬ 
tures.  They  lag  far  behind  the  size  and  quality  of  laboratories  in 
Japan,  Norway,  the  United  Kingdom,  the  Netherlands,  and  other 
countries.  They  need  to  be  upgraded  with  new  wave  basin  and 
data  processing  equipment. 

•  Laboratory  hydrodynamic  model  studies  at  present  provide 
our  only  insight  into  the  response  of  many  engineering  systems  to 
certain  marine  hazards.  Our  ability  to  perform  well  is  severely 
limited  by  antique  equipment  and  inadequate  space. 

•  The  resistance  characteristics  of  construction  materials  and 
configurations  to  the  forces  of  the  ocean  need  continuing  research. 

•  Harbor  siltation  is  an  expensive  phenomenon.  Our  ability 
to  properly  engineer  for  it  by  eliminating  it  or  by  preventive,  or 
corrective,  maintenance  can  be  enhanced  with  appropriate  labora¬ 
tory  model  studies  in  coordination  with  analytical  studies  and  field 
measurements. 

Analytical  Studies 

•  In  the  last  three  decades  we  have  improved  our  ability  to 
analyze  the  effects  on  structures  of  forces  from  the  marine  environ¬ 
ment  and  the  distribution  and  mixing  of  waste  effluents  by  envi¬ 
ronmental  forces  such  as  wind,  waves,  currents,  and  earthquakes. 
We  must  continue  to  advance  our  ability  to  predict  analytically,  in 
order  to  reduce  the  human  and  material  losses  from  marine  hazards. 

•  The  statistics  (probabilities)  of  the  combined  effects  of 
extreme  events  (high  tides  combined  with  strong  winds  from  unfa¬ 
vorable  directions,  combined  with  land  subsidence)  needs  to  be 
studied. 
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Social  and  Economic  Studies 

•  Alternatives  to  expensive  protective  works,  such  as  long 
seawalls,  must  he  considered  by  engineers.  For  example,  the  evacua¬ 
tion  of  an  area  threatened  by  a  hurricane  may  be  feasible  and 
desirable.  Such  evacuations  affect  individuals  through  injuries, 
sometimes  death,  emotional  distress,  and  lawsuits.  These  social 
costs  must  be  considered  along  with  monetary  costs  in  designing 
coastal  structures  and  in  providing  effective  land-use  planning. 

C  oastal  and  Ocean  Engineering  Graduate  Programs 

•  University  coastal  and  ocean  engineering  programs  arc  usu¬ 
ally  at  the  graduate  level  (master’s  and  doctoral  degrees)  because 
the  technology  required  to  engineer  problems  in  the  ocean  and  on 
the  coast  is  heavily  dependent  on  higher  mathematics  and  ad¬ 
vanced  analysis  methods.  Some  educators  believe  the  number  of 
graduates  is  adequate;  however,  most  agree  that  the  supply  is  less 
than  the  demand.  C  ontinuing  education  for  practicing  engineers  is 
essential  in  this  field  because  of  the  rapidly  evolving  technology. 
Design  engineers  must  gain  current  knowledge  through  technical 
journals,  monographs,  books,  and  technical  conferences— the  end 
products  of  research.  A  national  focus  on  research  in  this  field  will 
provide  not  only  these  end  products,  but  an  incentive  for  engineers 
to  enter  graduate  schools  and  a  means  for  faculty  to  contribute 
more  effectively  than  ever  to  this  discipline. 

General  Conclusions  and  Recommendations 

Each  year  in  the  United  States,  natural  and  man-made  haz¬ 
ards  in  our  coastal  and  ocean  environs  cost  many  lives  and  some¬ 
times  billions  of  dollars  in  loss  of  property  and  commerce.  These 
losses  can  be  reduced  through  engineering  research  which  pro¬ 
duces  better  understanding  of  the  hazards  and  better  ways  of 
dealing  with  the  physical  and  economic  results  of  severe  events. 
This  research  carries  national  importance  and  should  be  accom¬ 
plished  within  the  aegis  of  a  national  agency  that  is  relatively  free 
of  regulatory  pressures  and  lobbies. 

This  ad  hoc  committee  recommends  that  the  National  Science 
Foundation  provide  a  special  program  on  coastal  and  ocean  engi¬ 
neering  research.  The  program  should  be  administered  by  the  Civil 
and  Environmental  Engineering  Division.  The  program  should 
have  its  own  panel  of  peers  composed  of  professionals  from  the 
field  of  coastal  and  ocean  engineering.  The  director  of  the  pro¬ 
gram  should  be  one  of  these  professionals,  to  keep  the  program 
focused  on  the  coastal  and  ocean  engineering  goals.  He  should 


save  tor  two  years,  at  which  time  the  directorship  should  rotate  to 
another  panel  member.  This  period  will  allow  him  time  to  assert 
Ins  influence  on  the  program,  while  not  being  too  long  to  preclude 
his  return  to  his  ow  n  research. 

I  he  committee  recommends  a  funding  level  ot  million  the 
first  seat.  S6  million  the  second  sear,  and  steads  funding  of  SKI 
million  per  sear  thereafter  to  provide  much-needed  research  equip¬ 
ment.  laboratory  and  field  studies,  and  analytical  research.  I  ong 
teim  funding  levels  can  he  best  estimated  after  the  first  rwo-yeat 
period  of  activity . 


f  ig  V  On  January  27,  1983,  one  of  eight  heavy  storms  impacted  the  California 
coast  The  combined  result  of  LI  StAo,  high  lunar  tides,  and  the  eight 
storms  caused  nearly  SIIX)  million  worth  of  damage  to  coastal  structures 
The  fieople  in  this  photo  are  attempting  to  reinforce  their  beachfront 
cottage  in  (  arlsbad,  California. 
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Benefits  From  Coastal  and 
Ocean  Fngineering  Research 

1  nginecrmg  tesearch  seeks  to  add  to  our  knowledge  ot  the 
physical  world  either  for  general,  unspecified  use  or  tor  solving  a 
specific  problem.  Design  engineers  reh  on  this  tesearch  to  provide 
sate,  vet  economical  facilities.  It  fundamental  information  is 
inadequate,  engineers  must  rely  on  their  tudgment.  When  this 
happens,  the  possibility  increases  that  the  structure  can  be  uneco¬ 
nomical.  unsate,  or  both.  A  distinguishing  feature  of  coastal  and 
ocean  engineering  is  that  there  is  less  fundamental  information 
(torn  which  to  design  than  in  terrestrial  engineering.  This  dearth 
of  information  can  be  attributed  to  three  factors:  ( 1 )  the  discipline 
is  voting;  (2)  marine  structures  require  innovation;  and  (3)  it  takes 
time  and  money  to  develop  propet  ha/ard  assessments,  for  example, 
the  most  prevalent  ha/ard  is  ocean  waves.  Net,  wave  measure¬ 
ments  over  an  adequate  number  ot  scars  to  establish  reliably 
analytical  probability  distribution  functions  for  the  wave  charac¬ 
teristics  have  not  been  conducted  along  any  portion  of  the  l  nit ed 
States  coastline.  No  data  exist  on  high  resolution  directional  wave 
spectra.  Iheretore.  engineers  must  relv  on  judgment,  and  those 
with  proven  good  judgment  are  in  high  demand.  Designs  of  engi¬ 
neering  works  in  the  marine  environment  generally  would  be 
greatly  enhanced  by  a  dedicated,  long-term  program  of  wave 
measurements.  Improved  designs  will  benefit  the  country  by  reduc¬ 
ing  losses  from  storm  waves. 

Modern  research  in  coastal  engineering  in  the  Tinted  States 
began  in  January  1929  with  investigations  into  the  cause  of  and 
remedy  for  erosion  along  the  beaches  of  New  Jersey  under  the 
direction  of  Prof.  M.P.  O’Brien,  a  member  of  his  committee.  I  his 
study  led  to  the  formation  of  the  Beach  f.rosion  Board  of  the  U  S. 
Army  Corps  of  fngineers  in  1930,  which  became  the  Coastal 
fngineering  Research  Center  (C'fRC)  in  1963.  C'f RC  does  excel¬ 
lent  research  for  the  U.S.  military  as  well  as  for  the  civil  sector;  for 
example,  the  center  conducts  a  modest  wave  measurement  program. 
However,  the  activities  at  the  center  are  too  limited  to  meet  the 
general  needs  of  the  profession,  and  a  much  broader  scope  of 
research  is  needed. 
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Research  in  coastal  engineering  increased  significantly  during 
the  Second  World  War.  The  military  sought  a  better  understand¬ 
ing  of  wave  generation  by  wind,  together  with  the  transformation 
of  waves  in  the  surf  /one  and  the  effects  of  the  surf  on  landing 
craft,  in  order  to  plan  and  implement  amphibious  assaults  on 
beaches.  At  present,  fundamental  knowledge  is  needed  for  the 
safe  and  economical  development  of  offshore  resources,  for  the 
protection  and  enhancement  of  the  infrastructure  along  the 
shoreline,  and  for  the  increased  safety  and  well-being  of  those  who 
reside  within  the  hazard  zone  of  the  coastal  states,  including  those 
states  bordering  the  Great  l  akes. 

There  have  been  many  successful  applications  of  coastal  and 
ocean  engineering  research  in  the  United  States  and  elsewhere. 
Because  of  the  growing  value  of  the  infrastructure  along  the  coast, 
the  shifting  of  population  density  to  and  along  the  coast,  and  the 
rapidly  increasing  efforts  to  develop  resources  in  greater  water 
depths  (with  their  more  hostile  environments),  a  much  larger 
research  effort  will  be  required  in  the  future  if  we  arc  to  reduce 
losses  from  natural  hazards.  The  following  two  projects  are  illus¬ 
trative  of  many  successful  engineering  accomplishments  that  have 
benefited  from  effective  research. 

Miami  Beach  Nourishment  Project 

Miami  Beach  is  a  low  barrier  island  that  stretches  for  approxi¬ 
mately  10  miles  along  the  southeast  Florida  shoreline.  Develop¬ 
ment  of  this  island  commenced  in  the  1930s  and.  at  present, 
condominiums  and  large  hotels  are  closely  spaced  along  most  of 
its  length.  In  the  late  1960s,  the  beaches  had  become  so  narrow 
from  sand  depletion  that  people  in  the  tourist  industry  became 
concerned.  The  cause  of  the  narrow  beaches  was  threefold: 

1)  In  an  era  (1940-1950)  of  little  land  use  control,  most  of  the 
beach  front  hotels  expanded  seaward,  encroaching  upon 
the  beaches  with  swimming  pools  and  sunning  decks. 

2)  Natural  erosion  processes  were  gradually  at  work. 

3)  The  construction  of  Baker’s  Haulover  Inlet  at  the  north 
end  of  Miami  Beach  interrupted  the  natural  transport  of 
sand  into  the  system,  inducing  beach  erosion. 

Previous  field,  laboratory,  and  analytical  studies  had  identified 
mechanisms  for  the  littoral  transport  of  sand  by  waves  and  the 
onshore/offshore  sand  transport  on  which  the  beach  nourishment 
program  was  based. 

The  Miami  Beach  project  included  the  relocation  of  10  mil¬ 
lion  cubic  yards  of  offshore  sand  onto  the  beach,  at  an  approxi¬ 
mate  cost  of  $65  million.  The  project  is  regarded  as  a  success  in 
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terms  of  reviving  the  ailing  tourist  industry,  restoring  the  stability 
of  the  beach,  and  providing  protection  to  the  hotel  foundations. 

It  is  estimated  that  the  increase  in  tourist  revenue  as  a  result 
of  the  project  amounts  to  $20  million  per  year.  The  portion  of  the 
beach  completed  in  September  1979  was  subjected  to  Hurricane 
l)a\id.  which  it  weathered  very  effectively.  At  present,  the  rela¬ 
tively  minor  expected  erosion  at  the  north  end  of  the  project  has 
occurred  because  of  the  net  southerly  longshore  sediment  transport. 
The  beach  condition  is  nevertheless  considered  to  be  “excellent” 
over  98  percent  of  the  project  length. 

Fixed  Platforms  in  the  Gulf  of  Mexico 

The  exploration  for  offshore  petroleum  resources  in  the  Gulf 
of  Mexico  occurred  gradually,  commencing  in  the  late  1940s.  At 
that  time,  there  was  little  information  on  soil  conditions,  wave 
conditions,  currents,  storm  surges,  and  the  associated  wave  forces 
to  be  expected  during  hurricanes.  In  addition,  little  was  known 
about  the  effects  of  metal  fatigue  in  a  saltwater  environment  or 
the  amount  of  biofouling  to  be  expected.  Substantial  laboratory 
and  field  studies  and  advances  in  analysis  have  been  undertaken  to 
quantify  the  design  environment,  the  fluid/structure  interaction, 
and  the  structure  response.  As  a  result  of  this  research,  over  3000 
platforms  and  thousands  of  miles  of  pipelines  experience  remarka¬ 
bly  few  failures  in  severe  hurricanes.  These  platforms  are  designed 
for  relatively  shallow  water  and  are  rigid,  composed  as  they  are  of 
stiff  tubular  members.  Future  construction  will  be  in  deeper  water 
where  rigid  platforms  may  not  be  economical.  Additional  research 
will  be  needed  to  satisfy  the  special  needs  of  deep-water  structures. 


Fig.  4.  A  geodesic  dome  beach  cottage  at  Nags  Head,  North  Carolina,  1982.  The 
beach  erosion  is  clearly  illustrated  because  the  pilings  supporting  the 
cottage  were  originally  driven  into  an  area  much  like  that  in  the  right- 
hand  side  of  the  photo.  The  right-hand  cottage  does  have  a  series  of 
pilings  equal  to  those  shown  by  the  left-hand  cottage.  In  this  case,  at  least 
8  vertical  feet  of  sand  has  been  removed  and  the  shoreline  has  recessed 
landward  from  50  to  100  feet. 
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f  ig.  6.  Severe  cliff  erosion  at  Pacifica,  California  as  a  result  of  the  unusual 
winter  storms  of  1982  1983.  The  Masonic  lodge  shown  here  was  moved  to 
another  site  as  a  result  of  this  loss  of  foundation  support. 

22 


I 


I 


Natural  Hazards: 

Overview  and  Recommendations 

Coastal  and  ocean  engineering,  like  terrestrial  engineering, 
applies  the  laws  of  science  to  meet  human  development  needs  on 
the  coasts  and  in  the  ocean.  The  coast,  including  estuaries,  is 
considered  to  be  the  water-land  interface.  Engineering  activities  at 
this  interface  include  beach  protection,  transportation  across  the 
interface,  and  recreation  and  commerce  in  the  estuaries,  all  in 
balance  with  the  preservation  of  important  breeding  grounds  for 
ocean  organisms.  The  ocean  includes  the  continental  shelf  and 
deep-water  regions  removed  from  the  land  interface.  Thus,  the 
construction  and  design  of  offshore  platforms  and  underwater 
pipelines  and  the  solution  of  transportation  problems  in  the  sea 
are  usually  considered  to  be  within  the  realm  of  ocean  engineering. 

L: samples  of  coastal  engineering  are  harbor  designs,  beach 
erosion,  piers,  harbor  siltation.  estuarine  water  quality  as  affected 
bv  dredge  and  fill  projects  and  introduction  of  heat  and  municipal 
waste,  breakwaters  at  entrances  to  harbors,  and  nearshore  naviga¬ 
tion  in  the  presence  of  waves  and  crosscurrents.  Other  coastal 
engineering  activities  include  constructing  highways  close  to  the 
shore,  building  beach  homes  and  hotels,  and  designing  sewers  and 
systems  for  discharging  power  plant  cooling  water. 

I  samples  of  ocean  engineering  are  the  design,  construction, 
and  installation  of  offshore  platforms  and  pipelines,  offshore 
loading  and  off-loading  terminals  for  super  tankers,  large  oceano¬ 
graphic  mooring  arrays  for  research,  submarine  surveillance 
s\ stems,  moorings  of  large  buoys  and  ships  in  the  deep  portions  of 
the  ocean,  and  artificial  islands  in  the  Arctic;  the  installation  and 
maintenance  of  aids  to  navigation;  the  determination  of  the  time 
distribution  of  pollutants  discharged  into  the  ocean;  and  the 
solving  of  towing  problems. 

Coastal  and  ocean  engineering  research  is  based  on  concepts 
of  structural  and  fluid  mechanics,  materials  engineering,  geotech¬ 
nical  engineering,  and  construction  engineering.  Sometimes  this 
engineering  involves  the  weather;  when  it  does,  the  work  inter¬ 
faces  with  that  of  atmospheric  scientists  as  well  as  with  oceanog¬ 
raphers.  Coastal  and  ocean  engineering  is  intricately  involved  with 
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wave  and  current  actions  and  the  response  of  various  kinds  of 
systems  (structures,  sediments,  wastes)  to  them.  Ocean  currents, 
tides,  storm  surges,  earthquakes  and  associated  tsunami  waves, 
and  the  support  capacity  of  bottom  sediments  are  of  concern  in 
establishing  structures  and  in  other  human  activities  (for  example, 
recreational  areas). 

The  committee  considers  the  following  topics  to  be  of  prime 
importance  at  the  start  of  a  national  program  in  coastal  and  ocean 
engineering  research. 

Winter  Storms  and  Hurricanes 

The  unusually  severe  destruction  caused  by  waves  along  the 
California  coast  in  the  1982-198}  winter  storms  was  due  to  a 
combination  of  factors,  including  the  storm  route,  si/e.  position, 
and  intensity  (f  igure  7).  The  storms  caused  much  damage  to  the 
shoreline,  as  reviewed  in  the  l.xecutive  Summary.  Nearlv  $100 
million  worth  of  damage  to  public  property  was  reported,  as  sum¬ 
marized  in  Table  1 . 

Severe  storms  also  generate  very  large  waves  in  the  deep 
ocean  that  may  or  may  not  be  breaking.  l  arge,  deep-water  break 
ing  waves  can  be  particularly  destructive  to  ships,  boats,  and 
oceanographic  research  buoys,  figure  10  is  a  photo  of  a  large 
wave  in  the  North  Sea  impacting  on  part  of  the  Ukofisk  oil 
production  platform  in  Norwegian  waters.  Very  little  is  known 
about  the  magnitude  of  forces  from  such  breaking  waves  on 
platforms  and  coastal  structures.  Although  the  majority  of  plat¬ 
forms  arc  constructed  by  petroleum  companies,  federal  agencies 
also  have  used  fixed  platforms  for  radar  stations,  navigation,  and 
military  training  operations.  Federal  agencies  also  have  plans  to 
deploy  moored  scmisubmersible  and  other  types  of  instrumented 
platforms.  In  addition,  the  U.S.  Geological  Survey  is  responsible 
for  certifying  industrial  offshore  platforms.  Consequently,  there 
is  an  urgent  need  for  nonproprictary  design  data  on  breaking  and 
nonbreaking  wave  forces  on  fixed  and  moored  platforms,  the 
effects  of  waves  superimposed  on  currents,  and  the  correlation 
and  influence  of  combined  waves  and  w  ind. 

Hurricanes  are  cyclonic  storms  that  form  in  the  tropics  and 
propagate  to  more  northern  latitudes.  Winds  take  on  energy  from 
the  relatively  warm  sea,  and  so  they  are  high  by  the  time  they  reach 
land.  Hurricane  Alicia  struck  Texas  in  1983  with  average  wind 
speeds  of  about  120  mph  and  gusts  up  to  approximately  150  mph. 
Very  large  waves  were  generated  by  these  intense  winds.  This 
storm  cost  Texas  more  than  $1  billion. 

A  summary  of  the  cost  of  damages  from  the  worst  hurricanes 
since  1926  is  given  in  Table  2.  The  hurricanes  are  ranked  by  cost. 
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SURFACE  WINDS 
WAVE  FETCH 


fig""  Conceptual  view  of  the  winds  in  a  typically  large  winter  storm  of  I9ftt  in 
the  Pacific  Ocean  The  wave  fetch  was  much  further  south  and  was 
nearly  directly  from  the  west  instead  of  the  usual  northwest  direction.  El 
Sitto  also  produced  a  I  foot  increase  in  mean  sea  level,  which  increased 
damage  from  waves  considerably. 


not  chronology  ,  but  there  is  a  clear  trend  in  the  cost  of  damages:  it 
is  increasing  with  time. 

In  August  1984,  a  specialty  conference  was  held  in  Galveston, 
Texas,  by  the  American  Society  of  Civil  Engineers  entitled,  ‘‘Alicia 
One  Year  Later.”  It  is  significant  that  none  of  the  30  papers 
presented  dealt  with  waves  and  their  destructive  forces.  Most 
engineering  efforts  have  focused  on  the  wind  speeds  and  the 
effects  on  terrestrial  buildings.  However,  in  addition  to  informa¬ 
tion  on  winds,  coastal  and  ocean  engineers  require  the  wave  and 
sea  level  conditions  in  such  hurricanes.  Wave  measurement  system 
installations  must  be  designed  to  survive  the  wave  conditions  they 
arc  meant  to  measure.  Long-term  wave  gage  installations  are 
called  for  at  a  number  of  locations  along  the  continental  shelf  of 
the  United  States  to  form  the  statistical  data  base  required  for 
addressing  exteme  waves. 


% 


t  able  1.  Summary  of  Findings 
on  Coastal  Damage  (2) 

I  he  coastal  damage  suffered  in  California  affected  harbor 
structures,  piers,  highways,  park  facilities,  seawalls,  private 
buildings,  and  vegetation.  The  losses  included  coastal  flooding 
damage  caused  bv  elevated  sea  level  and  the  costs  of  massive 
debris  removal.  Only  2  out  of  15  coastal  counties  reported  no 
damage.  Predictably,  the  highest  costs  occurred  in  counties  with 
the  highest  coastal  populations. 

I  he  estimates  of  total  damage  by  county,  from  north  to 
south. are 


(Millions  ol  S) 

Del  Norte 

4. M 

Humboldt 

2.62 

Mendocino 

none 

Sonoma 

none 

Mann 

2.12 

San  I  rancisco 

11.16 

San  Mateo 

1.91 

Santa  Cru/ 

9.09 

Monterey 

1.19 

San  I  uis  ( )hispo 

1.8? 

Santa  Barbara 

2.66 

Ventura 

1.5“ 

1  os  Angeles 

20.  (H) 

Orange 

16.19 

San  Diego 

11.56 

I  he  totals  for  the  whole  state,  by  category,  are 

(Millions  ol  5 ) 

Beach  facilities 

12.  r 

Harbor  facilities 

18.84 

Piers 

10.42 

Other  facilities 

51.52 

SI  Alt  TO!  A!  92.95 
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Table  2.  Costliest  Hurricanes,  Cnited  States  1900-1983** 

(more  than  $50  million  damage) 


I  )amape 
(IS. | 

(  ontempo 


Hut  tisane 

Yeai 

(  ateeors 

rats  5 

(millions) 

1984  $ 
(millions) 

I  lk!  1)1  R!(  (Alabama. 

1 9  "’9 

1 

2,100 

1.520 

Mbs. ) 

2  ADNI  S  (Northeast  I  S  ) 

1 9~  2 

1 

2. 100 

5.100 

V  (  Will  I  i  (Miss  1  a.) 

1969 

5 

1 .420 

4.2.10 

4.  Bl  IS)  (I  la  1  a.) 

1965 

; 

1,420 

4.750 

5.  M  1C  1 A  (  I  exas) 

19X1 

r 

1.200 

1,2X0 

6  1)1  AM  (Northeast  IS) 

1955 

1 

XI 1 

1.2(H) 

11  ( >1  SC  ( Northeast  Ha.) 

1 9"  5 

1 

550# 

1.100 

X.  (  A K ( )  1  ( Northeast  I  S.) 

1954 

1* 

461 

1.8(H) 

9.  CM  l  \  (S.  I  e\as) 

1970 

1 

451 

1.2X0 

10.  C  ARI  A  (Texas) 

1961 

4 

40X 

1 .410 

11  C  l  AI  D!  I  ll 

1 9"'9 

I.S.g 

400 

611 

12.  DONNA  (11a.  (  astern 
IS) 

IV  DAVID 

I960 

4 

1X7 

1.4(H) 

1979 

i 

120 

490 

14.  Ness  I  nglatul 

191X 

1* 

106 

2.2(H) 

15.  AI  1  I  N 

19X0 

1 

1(H) 

410 

16  HA/I  1  (S  C  .  N .(  . ) 

1954 

4* 

2X1 

1.1(H) 

l~  DORA  (Northeast  Ha.) 

1964 

s 

250 

X50 

IX.  1  \S 'A  (Hass aii) 

19X2 

1 

214 

260 

19  KI  I  t  AH  (S.  Iexas) 

1967 

1 

200 

640 

20  AlDRIYtla.  lex  ) 

1957 

4 

150 

570 

21  (  ARM!  N  ( I  ouisiana) 

1 974 

1 

150 

140 

22  C  l  I  ()  (Southeast  Ha.) 

1964 

s 

12X 

440 

21.  HII  DA  (I  ouisiana) 

1964 

> 

125 

420 

24  Honda  (Miami) 

1926 

4 

112 

660 

25.  Southeast  I  I a .  I  a. -Miss 

1947 

4 

1 10 

5X0 

26  Northeast  I  S. 

1944 

1* 

100 

6(H) 

2".  HI  1  I  I  (Northeast  I  S.) 

1976 

1 

100 

190 

2X  IONI  (N  Carolina) 

1955 

! 

8K 

140 

29  Southssest  and  N.I  .  Ha. 

1944 

1 

61 

1X0 

.10.  Southeast  Honda 

1945 

1 

60 

150 

11  Southeast  Honda 

1949 

1 

52 

220 

•  Mm  iri(f  more  llun  '<)  milec  per  houi 
»  Includes  SWI.(KKI.(KKI  w  Puerto  Rich 

>  ( inis  of  I  topical  Storm  Intcnsits.  but  included  because  ot  hu<h  J.unu|ie  (inure 
•*  I  ho  information  seas  taken  trom  Ret  (ft)  with  additional  intomiation  tiorn  l)t  t  tank 
t  sai  (see  committee  members) 

M'  (  ost  tor  141(4  based  on  (  (’I  national  cearlv  average  as  the  inflation  rate 


t  ig  9  Detail  of  inadequate  construction  details  between  foundation  beam  and 
piling  l-.rosuin  of  supporting  sand  from  under  the  beam  in  Hurricane 
f  loise.  /V7.V  /  lorida. 


Almost  no  data  exist  for  conditions  within  and  adjacent  to 
the  surf  /one  during  extreme  events.  Information  is  needed  on 
wave  characteristics,  littoral  currents,  suspended  sediment,  and 
the  distribution  of  sediment  transport.  This  information  should  be 
interpreted  in  terms  of  the  associated  incident  waves  and  currents. 

Offshore  Platforms 

The  combination  of  high  waves  and  storm  surge  poses  a 
serious  threat  to  construction  along  the  coasts  and  offshore.  The 
Gulf  of  Mexico  contains  about  3000  platforms  and  thousands  of 
miles  of  pipelines  for  the  transportation  of  raw  petroleum.  Water 
depths  range  from  only  a  few  feet  to  1025  feet  (at  the  Shell  Cognac- 
platform).  Offshore  structures  have  been  designed  well  with  eon- 
servative  methods,  so  that  losses  from  hurricanes  have  been  rela¬ 
tively  small. 

The  few  failures  that  have  occurred  in  the  last  few  years  have 
been  dramatic.  Among  the  most  notable  failures  of  floating  and 
bottom-mounted  platforms  was  the  Alexander  L.  Kieltand,  which 
capsi/ed  in  a  strong  winter  storm  in  March  1980  in  the  North  Sea 
off  the  coast  of  Norway.  The  accident  took  183  lives.  This  disaster 


was  directly  caused  by  metal  fatigue  in  a  fillet  weld  tor  a  hydro¬ 
phone.  A  chain  of  events  followed  the  failure  of  the  weldment: 
some  braces  sequentially  broke,  followed  by  the  collapse  of  one  of 
five  support  pontoons  and  by  severe  listing  with  only  a  few  min¬ 
utes  for  escape  before  the  giant  platform  capsi/ed  (10).  Another 
disaster  occurred  when  the  Ocean  Ranger,  a  semisubmersible  drill¬ 
ing  rig  in  the  North  Atlantic  off  New  foundland,  capsi/ed  in  a 
storm  with  the  loss  of  84  lives.  Vet  another  was  the  drilling  vessel 
Glomar  Java  Sea.  which  was  lost  along  with  the  entire  crew  of  81 
in  October  1983  during  a  heavy  storm  in  the  South  China  Sea. 

fixed  and  moored  instrumentation  platforms  are  planned  for 
use  by  federal  agencies.  Waves  like  the  one  in  f  igure  10  pose  a  real 
threat  to  platform  safety,  future  platforms  are  being  designed  and 
constructed  for  water  depths  of  several  thousand  feet.  Such  plat¬ 
forms  are  very  costly,  so  an  overly  conservative  design  can  be 
needlessly  wasteful.  However,  safety  must  be  maintained.  Therefore, 
more  detailed  information  is  needed  on  the  influence  of  high 
winds,  large  waves,  and  the  accumulation  of  marine  biofouling  on 
the  structures.  These  natural  phenomena  result  in  large  wave 
forces  that  must  be  resisted  adequately  by  the  structure.  Research 
is  called  for  not  only  to  quantify  and  predict  the  accuracy  of  severe 
natural  events  but  also  to  improve  the  reliability  of  structural 
designs  using  modern  materials. 

I  he  foundations  for  these  structures  rest  on  submerged  mate¬ 
rials  that  behave  much  differently  than  their  counterparts  on 
“dry”  land.  This  is  a  new  area  of  study,  sometimes  called  marine 
geotechnique,  that  requires  a  great  deal  of  research. 

Shoreline  Krosion 

Shoreline  erosion  represents  a  threat  to  lives  and  to  much  of 
the  expensive  infrastructure  along  the  nation’s  shores.  A  1971 
assessment  by  the  C  orps  of  Engineers  indicated  that  of  the  35. (XX) 
miles  of  shoreline  in  the  continental  United  States,  over  200  miles 
were  termed  “critical”  in  terms  of  erosion  potential.  This  means 
that  some  people  living  along  the  shoreline  are  in  imminent  danger 
of  loss  of  life  or  property  (12).  Estimated  remedial  costs  for  2700 
miles  of  shoreline  needing  protective  structures  were,  at  that  time. 
$1.8  billion.  Today,  the  costs  are  much  higher,  partly  because  of 
the  relatively  small  expenditures  for  beach  protection  that  have 
been  made  since  1971,  but  also  because  of  the  large  influx  of 
populations  to  coastal  areas  and  the  resulting  increased  construc¬ 
tion  costs  and  property  values. 

Beach  erosion  can  also  be  the  result  of  man-made  alterations 
to  the  natural  environment.  The  sand  supply  to  beaches  can  be 
reduced  by  the  construction  of  dams  on  rivers  that  supply  the 
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fig.  10  Winter  storms  and  hurricanes  cause  huge  waves  to  impinge  on  offshore 
platforms  of  many  ty/tes.  Here  a  large  break  mg  wave  impinges  on  a 
portion  of  the  /  kofisk  platform  in  the  \orth  Sea,  off  the  coast  of 
S  or  way. 


sand.  Construction  of,  or  improvements  to,  jetties  at  harbor  chan¬ 
nel  entrances,  and  channel  deepening,  can  cause  sand  erosion  on 
one  side  of  the  jetties  and  sand  deposition  on  the  other.  One 
example  is  Ocean  City  Inlet,  Maryland,  which  was  established  by  a 
hurricane  in  1933  and  stabilized  by  jetties.  The  shoreline  to  the 
north  has  accreted  some  800  feet,  and  Assateague  Island  to  the 
south  has  receded  by  some  1700  feet.  At  the  time  of  construction, 
the  magnitude  of  both  accretion  and  erosion  could  not  be  predicted. 
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Whal  little  research  has  been  done  on  this  topic  since  then  has 
yielded  information  that  allows  us  to  make  at  least  approximate 
estimates  of  sand  quantities.  Further  research  is  needed  before  we 
can  apply  this  computation  to  improved  future  construction. 

Beach  erosion  can  be  characterized  by  long  periods  of  rela¬ 
tively  little  loss  or  even  some  accretion.  However,  during  intense 
storms  accompanied  by  high  storm  surge  and  large  waves,  the 
shoreline  can  recede  by  as  much  as  200  to  300  feet  with  the 
lowering  of  the  nearshore  profile  by  as  much  as  6  to  8  feet . 

These  storms  create  the  greatest  potential  for  destruction  of 
upland  structures.  Most  of  the  sand  removed  from  the  dry  beach  is 
transported  seaward  and  deposited  as  an  offshore  bar  during  a  6- 
to  12-hour  period.  The  recovery  of  the  beach  profile  can  be  a 
much  slower  process,  in  some  cases  requiring  up  to  five  or  more 
years  for  beaches  to  return  to  their  prestorm  condition.  However, 
in  Monterey  Bay,  where  a  small  storm  surge  was  associated  with 
the  1982-1983  storms,  severe  erosion  was  replaced  in  one  year. 
Research  is  needed  to  identify  more  clearly  those  conditions  that 
result  in  long-term  erosion. 

Research  can  enable  us  to  determine  with  more  certainty  the 
best  course  of  action  to  be  taken  for  protection  of  sensitive 
coastlines.  In  some  cases  a  structure  may  be  needed.  In  others 
planners  should  consider  beach  replenishment  or  zoning  to  pre¬ 
vent  construction  in  hazardous  areas. 

Gradual  erosion  has  placed  considerable  stress  on  the  nation’s 
beaches.  In  many  locations,  these  beaches  are  extremely  valuable 
recreational  features  as  well  as  effective  absorbers  of  high  energy 
waves.  Realistically,  there  are  only  three  possible  responses  to  this 
erosional  stress:  (1)  armor  the  shoreline,  in  which  case  the  beaches 
will  gradually  disappear  as  a  result  of  the  continuing  erosion 
pressure;  (2)  nourish  the  beaches,  a  fairly  expensive,  but  in  some 
cases  effective,  approach;  or  (3)  abandon  any  existing  facilities  on 
the  shoreline  and  prevent  future  construction.  The  best  solution 
obviously  depends  on  the  location  and  the  associated  economics; 
however,  present  knowledge  and  data  bases  are  inadequate  to 
make  these  decisions  with  confidence  in  many  locations  of  concern. 
This  knowledge  gap  is  reflected  in  the  present  differences  and 
discussions  between  the  egineering  and  geological  communities. 

Capsizing 

The  Pacific  Northwest  fishing  fleet  is  subject  to  considerable 
loss  from  winter  storms.  The  storms  can  be  sufficiently  severe  to 
keep  fishermen  in  their  harbors.  However,  if  a  ship  is  caught  at  sea 
in  a  severe  storm  with  a  fairly  full  hold,  it  may  capsize,  with  a  loss 
of  lives  and  equipment.  The  average  annual  loss  for  the  Pacific 
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Northwest  fishing  fleet  is  30  to  40  lives  and  S50  million  in  property 
(fishing  boats).  Recent  research  has  shown  that  capsi/ings  arc 
caused  mostly  by  a  large  quantity  of  free  water  on  deck  carried 
over  the  rail  by  large  waves  (13).  A  resonance  can  occur  between 
the  sloshing  of  the  deck  water  and  the  roll  period  of  the  boat.  The 
resonance,  coupled  with  a  particularly  large  wave  and  a  full  hold, 
can  finally  capsi/e  the  boat.  This  danger  can  be  reduced  with  more 
research  to  determine  a  quantitative  measure  of  how  full  the  hold 
should  be  with  respect  to  the  occurring  storm  hazard,  a  better 
design  of  the  ship  rails  and  surface  drainage,  and  a  more  stable 
boat  design  that  reduces  resonant  rolling. 

Recommendations 

1 .  Research  should  continue  to  explore  analytical  and  'seri- 
mcntal  means  of  determining  more  thoroughly  the  wave,  cut  rent, 
and  wind  forces  on  ocean  structures  of  various  kinds. 

2.  Almost  no  data  are  available  within  the  surf  zone  and  just 
seaward  of  it  on  waves,  currents,  suspended  sediment,  sediment 
transport,  and  bathymetric  changes  during  extreme  events.  Thus, 
we  observe  beach  and  dune  erosion  and  damage  to  coastal 
structures,  but  we  have  almost  no  measurements  of  the  physical 
phenomena  causing  the  damage  when  it  is  occurring.  Basically, 
this  is  because  it  is  very  difficult  to  take  measurements  during 
high-energy  storms.  Equipment  and  techniques  must  be  developed 
to  do  this  in  conjunction  with  an  intensive  research  effort  to  study 
the  phenomena. 

3.  A  research  effort  focused  on  the  causes  of  beach  erosion 
and  methods  for  stabilizing  beaches  should  be  promoted  b\  the 
National  Science  Foundation.  It  is  true  that  many  studies  on  this 
subject  have  been  made  by  universities  in  the  past  and  many  others 
are  at  present  underway  by  the  U.S.  Army  Corps  of  Engineers  and 
other  agencies.  However,  the  subject  is  so  difficult  and  so  broad 
that  only  a  concerted,  continuing  effort  will  uncover  the  laws  of 
nature,  and,  in  doing  so,  yield  better  information  for  engineering 
design. 

4.  The  causes  and  extent  of  structural  fatigue  in  the  marine 
environment  should  be  investigated  with  the  goal  of  identifying 
limitations  of  existing  materials  and  developing  improved  materi¬ 
als  for  the  special  marine  environment. 

5.  The  engineering  properties  of  marine  geological  rock  and 
sediments  should  be  more  thoroughly  explored  for  their  efficacy 
as  foundation  materials  for  supporting  vertical  downward  and 
upward  direct  loads  and  lateral  anchoring  loads. 

6.  The  United  States  is  in  critical  need  of  improved  labora¬ 
tory  facilities  for  model  studies.  At  least  one  large  rectangular 
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wave  basin  with  directional  wave  generation  capability  is  required. 

I  his  facility  should  be  available  for  use  by  researchers  from  any 
university.  Among  the  relatively  large  model  studies  that  could  be 
undertaken  in  the  laboratory  are  those  of  sand  transport  processes 
on  our  beaches,  harbor  designs  (including  siltation  characteristics), 
ship  and  platform  responses  to  directional  wave  spectra,  and  the 
mechanics  ot  short-  and  long-crested  waves.  The  wave  facility 
should  be  capable  ot  producing  deep-water  breaking  waves  for 
studies  ot  vessel  stability  under  storm  wave  conditions. 

Long-Term  Sea  Level  Rise 

Main  scientists  believe  that  the  carbon  dioxide  and  other 
gases  in  the  atmosphere  are  increasing  significantly  because  of  the 
continued  increase  in  the  burning  of  fossil  fuels  and  because  of 
other  human  activities.  Two  studies  by  the  National  Academy  of 
Science  have  predicted  an  increase  of  from  2  to  H  degrees  Fahren- 
heit  in  average  world-wide  temperatures  over  the  next  century. 
I  ven  a  small  general  increase  in  the  average  annual  temperature 
will  cause  increased  melting  of  the  large  polar  ice  caps,  a  thermal 
expansion  of  oceanic  waters,  and  a  subsequent  increase  in  the 
general  sea  level  (7).  (Some  scientists  think  there  are  compensating 
mechanisms  that  will  nullify  such  a  trend.)  The  predicted  sea  level 
increase  ranges  from  I  foot  to  about  7  feet  by  the  year  2100. 
Another  recently  completed  report  by  the  National  Research  Council 
predicts  a  probable  upper  limit  of  sea  level  rise  of  2.3  feet  during 
the  next  1  (K)  years.  (It  is  estimated  that  the  total  relative  change 
between  the  sea  level  and  the  land  during  the  last  century  has  been 
1  foot.)  However,  some  scientists  and  engineers  believe  that  the 
evidence  is  weak  that  a  sea  level  rise  is  in  progress.  Their  skepti¬ 
cism  stems  from  the  fact  that  virtually  no  accurate  measurements 
exist  on  this  subject. 

If  the  predicted  long-term  sea  level  increases  actually  occur, 
the  effects  on  the  shorelines  of  the  United  States  will  be  significant. 
The  long-term  horizontal  shoreline  recession  may  be  from  100  to 
300  times  the  relative  vertical  rise  in  sea  level.  These  figures  arc 
substantiated  by  an  approximate  analysis  of  the  change  experi¬ 
enced  along  much  of  the  sandy  shoreline  of  the  United  States 
during  the  past  century. 

It  is  estimated  that  50  percent  of  the  population  of  the  United 
States  now  resides  within  50  miles  of  the  coastline.  A  substantial 
portion  of  this  area  is  low  and  relatively  flat,  such  as  the  Missis¬ 
sippi  River  delta  area  and  portions  of  the  Texas  and  Florida 
coastlines.  If  we  consider  the  addition  of  the  storm  surge  and  high 
lunar  tides  to  a  long-term  sea  level  rise,  it  is  obvious  that  major 
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dislocations  of  the  population,  with  the  associated  loss  of  life  and 
expense,  will  occur  for  each  major  hurricane  or  storm.  This  dan¬ 
gerous  situation  could  he  mitigated  by  the  construction  of  dikes 
and  other  protective  barriers  similar  to  those  constructed  in  the 
Netherlands.  The  costs  would  be  significant,  so  the  structures 
must  be  designed  to  keep  both  acquisition  and  maintenance  costs 
to  a  minimum.  To  design  structures  that  are  both  safe  and  economi¬ 
cally  sound,  engineers  rely  heavily  on  good  predictions  of  sea  level 
rise,  storm  intensity,  and  storm  track.  Thus,  it  is  urgent  that  a 
carefully  organized  program  of  measurements  determine  the  cur¬ 
rent  state  of  long-term  sea  level  change  along  the  coastlines. 

Recommendation 

Extended  research  for  10  years  or  more  should  be  started  as 
soon  as  possible  to  determine  the  long-term  relative  sea  level  with 
respect  to  the  land  masses  of  the  United  States.  A  plan  should  be 
developed  and  implemented  to  establish  sea  level  indicators  at  sea 
and  in  other  locations  that  will  give  the  best  information  for  this 
purpose.  It  is  anticipated  that  sophisticated  systems  engineering 
will  be  required  to  establish  the  necessary  base  reference  level. 
Instrumentation  must  be  designed  to  survive  severe  storms.  Re¬ 
mote  sensing  techniques  may  be  helpful  in  reducing  the  amount  of 
instrumentation  required. 

Tsunamis 

A  tsunami  (commonly  called  a  tidal  wave)  is  a  train  of  very 
long  period  waves  usually  generated  by  the  impulsive  motion  of  a 
part  of  the  ocean  floor  which  accompanies  an  earthquake.  Tsuna¬ 
mis  can  also  be  caused  by  volcanic  eruptions.  landslides  dropping 
into  the  ocean,  and  submarine  slides.  The  waves  are  so  long  that 
their  small  height  is  unnoticeable  in  the  deep  ocean  even  though 
they  travel  through  the  deep  ocean  at  speeds  of  from  250  to  500 
mph.  As  these  long  period  waves  shoal  onto  the  continental  shelf 
and  enter  coastal  waters,  the  energy  is  confined  to  a  shallower 
depth  and  the  wave  height  increases  sharply,  sometimes  forming 
large  destructive  bores  in  very  shallow  water.  Because  of  the 
offshore  contours  of  the  ocean  floor,  some  areas— such  as  Coos 
Bay,  Oregon;  Crescent  City,  California;  Anchorage,  Alaska;  and 
Hilo,  Hawaii— act  as  focal  points  for  the  energy  and  are  more 
sensitive  to  tsunamis  than  other  areas.  The  casualties  and  damages 
from  tsunamis  in  the  United  States  since  1900  are  summarized  in 
Table  3. 

We  can  anticipate  and  lessen  the  danger  from  tsunamis  if 
we  determine  the  relationships  among  ocean  floor  movement, 
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wave  characteristics,  benthic  dissipative  mechanisms,  and  the  de¬ 
structive  power  of  waves.  Coastal  effects  such  as  the  focusing  of 
wave  energy  and  the  impingement  of  wave  runup  against  coastal- 
sited  structures  arc  important.  Large-scale  model  studies  arc  needed 
to  examine  the  characteristics  of  the  changes  in  long  waves  as  they 
propagate  shoreward,  where  scale  effects  are  minimized.  As  noted 
elsewhere  in  this  report,  a  large  wave  basin  is  required  in  the 
United  States  where  this  modeling,  including  the  investigation  of 
three-dimensional  effects,  can  be  accomplished.  Tsunami  wave 
generation  and  propagation  can,  and  should,  also  be  studied 
analytically.  Analytical  methods  that  have  been  experimentally 
verified  enable  engineers  to  predict  and  design  for  extreme  events. 
1  or  example,  a  combination  of  analysis  and  model  testing  could 
perhaps  yield  a  better  computer  program  that  will  accept  seismic 
signals  from  different  origins,  to  provide  a  prediction  of  the 
probable  magnitude  and  location  of  tsunamis  at  selected  sites  on 
the  coast.  Such  studies  could  thus  contribute  to  the  development 
and  implementation  of  an  improved  tsunami  warning  system. 

Recommendations 

1.  Analytical  and  physical  model  studies  should  be  under¬ 
taken  to  develop  more  reliable  early  warning  systems  for  impend¬ 
ing  tsunamis. 

2.  Better  coastal  protective  structures  and  means  of  identify¬ 
ing  hazardous  zones  should  be  developed  for  coastal  regions  that 
are  sensitive  to  tsunamis. 

3.  The  magnitude  of  tsunami  wave  forces  on  structures  needs 
to  be  determined  for  the  design  of  tsunami-resistant  structures. 

Ice  and  Other  Cold  Region  Hazards 

The  Arctic  and  the  Great  Lakes  regions  pose  unique  problems 
for  coastal  and  ocean  engineers  because  of  ice  forces  and  other 
cold  region  problems.  Shorelines  in  cold  regions  are  a  mix  of  arctic- 
tundra,  sandy  deposits,  permafrost,  and  ice.  These  areas  are  also 
characterized  by  very  high  winds  and  cold  temperatures.  The 
buildup  of  ice  ridges  on  beaches  can  be  most  severe,  and  where 
there  is  a  relatively  long-term  increase  in  the  water  level,  as  has 
occurred  in  the  Great  Lakes,  the  destrucuon  to  the  beach  and 
coastal  structures  is  exacerbated.  During  late  spring  meltdown, 
large  ice  chunks  create  a  great  deal  of  scour. 

Because  these  problems  have  emerged  only  recently,  the  knowl¬ 
edge  available  for  designs  is  minimal.  Consequently,  design  cri¬ 
teria  now  in  use  tend  to  be  very  conservative,  and  they  may 
sometimes  result  in  overly  expensive  facilities.  However,  in  some 
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I  ip  12  Hurricane  /  redone  aftermath  on  the  Alabama  coast  in  September  1 979. 

H  ind  and  waves  have  nearly  completely  demolished  this  cottage  by 
tearing  off  the  roof,  smashing  out  the  windows,  and  removing  the 
foundation  materials  from  around  the  cottage,  leaving  it  supported onls 
bv  the  pilings  that  were  intended  to  be  the  foundation. 


Fig.  13  Aftermath  of  the  Alaskan  tsunami  of  1964 
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cases  our  lack  of  knowledge  may  make  them  unsafe.  Too  little  is 
known,  and  research  is  urgently  needed. 

The  force  required  to  resist  sea  ice  of  maximum  thickness  (6 
to  7  feet)  is  enormous,  perhaps  as  large  as  250,000  pounds  per 
lineal  foot.  Much  research  on  ice  loads  is  needed,  so  that  ice- 
resisting  structures  can  he  designed  safely  and  economically. 

A  major  problem  arises  when  ice  flows  set  ape  the  seabed  in 
shallow  water,  gouging  it  by  as  much  as  10  to  20  feet.  To  avoid 
damage  from  ice  flows,  pipelines  need  to  be  buried  deeply  in  these 
scour  areas.  But  engineers  have  to  know  the  actual  depth  of 
gouging  in  order  to  prevent  the  unnecessary  expense  of  burying 
the  pipe  too  deeply. 

Another  unique  cold  weather  problem  occurs  during  spring 
breakup  when  riser  floss s  spread  oser  the  nearshore  sea  ice.  As 
this  fresh  water  drains  through  cracks  and  holes  in  the  ice  coser, 
vigorous  whirlpools  desclop  that  can  scour  holes  in  the  seabed 
ssith  approximate  diameters  of  15  to  30  feet  and  depths  of  10  to  20 
feet.  These  craters  in  the  seabed  are  termed  "strudel  scour."  I  his 
phenomenon  presents  a  significant  hazard  to  any  facility  which 
might  lie  on  or  beneath  the  seabed,  l  ittle  is  known  about  the 
conditions  which  promote  strudel  scour,  its  frequency,  or  its 
intensity. 

The  Great  I.akes  have  their  own  variations  of  sea  coast 
problems.  There  are  10,000  miles  of  coastline,  of  which  3600  miles 
are  in  the  United  States.  About  65  percent  of  the  lake  coastlines 
have  suffered  significant  erosion  in  past  years.  Weather  variations 
from  year  to  year,  a  change  in  the  mean  water  level,  and  the 
impact  of  mankind  have  caused  the  retreat  of  beaches  and  have 
posed  problems  to  construction  along  those  beaches.  The  increase 
in  the  water  level  has  been  a  benefit  to  shipping,  but  a  threat  to  the 
beaches.  Siltation  of  marinas  and  ice  damage  to  structures  are 
major  concerns. 

Recommendation 

It  is  recommended  that  more  research  be  done  on  cold  weather 
coastal  and  ocean  engineering  problems  in  the  Arctic  and  the 
Cireat  I.akes  regions. 

Other  Marine  Environment  Problems 

Coastal  and  ocean  engineering  addresses  a  diverse  collection 
of  problems.  In  a  short  report  of  this  nature,  it  is  possible  to 
consider  only  those  of  major  importance.  This  section  includes 
some  brief  descriptions  of  additional  subjects  that  have  not  re¬ 
ceived  much  publicity,  but  which,  nevertheless,  are  of  consider¬ 
able  significance. 
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(Geological  Hazards 

Geological  hazards  arc  posed  by  relatively  soft  and  unconsoli¬ 
dated  sediments  along  portions  of  much  of  the  continental  shelf. 
The  sediments  constrain  operations  and  construction  of  offshore 
facilities,  affecting  both  cost  and  safety.  Sometimes  submarine 
mudflows  of  from  1(H)  cubic  yards  to  250  cubic  miles  occur  in  a 
manner  analogous  to  that  of  a  landslide  or  side-slope  stability 
failure  on  land.  The  time  required  for  these  sediments  to  achieve 
adequate  engineering  properties  for  foundations  is  estimated  to  be 
extremely  long,  and  portions  of  the  outer  continental  shelf  arc  still 
undergoing  active  deposition.  In  this  unstable  state,  the  sediments 
respond  to  gravity,  augmented  by  earthquakes,  currents,  waves, 
and  other  forces.  The  heterogeneous  nature  of  marine  sediments 
presents  an  unusually  high  degree  of  uncertainty  in  the  design  of 
marine  foundations. 

Better  characterization  of  the  engineering  properties  of  these 
sediments  and  an  improved  understanding  of  the  frequency  of 
movement  and  failure  arc  required  to  develop  realistic  designs. 

Other  marine  geotechnique  hazards  include  gassy  sediments, 
turbidity  currents,  permafrost,  and  diaperism  (in  which  the  overlying 
sediments  force  the  lower  sediments  upward  through  the  upper 
layers). 

Although  the  incidence  of  these  failure  mechanisms  is  fairly 
low,  the  consequences  can  be  great,  usually  with  no  remedy  except 
abandonment  once  a  structure  is  in  place  and  has  experienced  such 
problems.  The  Grand  Banks  slide  of  1939  terminated  service  on  a 
number  of  trans-Atlantic  communication  cables.  The  cables  failed 
sequentially  as  the  slide  progressed  toward  the  ocean  floor,  illus¬ 
trating  the  magnitude  and  speed  with  which  these  phenomena  can 
occur.  Mudflows  caused  by  Hurricane  Camille  ( 1 969)  led  to  the 
loss  of  two  structures.  In  one  of  these  cases,  sediment  displace¬ 
ment  extended  to  a  depth  of  some  70  feet  below  the  bottom  in  a 
total  water  depth  of  330  feet.  Buried  marine  pipelines  have 
"floated”  out  of  their  burial  and  were  exposed  to  direct  hydrody¬ 
namic  forces.  Bottom-laid  marine  pipelines  have  had  sections 
suspended  because  of  subsidence  of  the  sediments. 

Biofouling 

Biofouling  (the  extensive  growth  of  marine  organisms  on 
ocean  structures)  can  increase  the  effective  size  of  structures  as 
well  as  their  roughness.  Both  conditions  cause  a  considerable 
increase  in  the  hydrodynamic  forces  on  the  structure  from  waves 
and  current.  Marine  organisms  reduce  the  efficiency  of  cooling 
systems  and  the  speed  of  naval  and  commercial  ships.  Older 
structures  were  (appropriately)  designed  quite  conservatively.  In 
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some  eases  the  striietures  are  cleaned  of  growth  to  reinstate  their 
original  geometric  and  hydrodynamic  properties.  We  need  to  im¬ 
prove  our  capability  to  predict  the  degree  of  biofouling  as  a 
function  of  geographical  location,  elevation  in  the  water  column, 
and  time.  Knowledge  of  these  variations  is  needed  to  build  safely 
and  economically,  to  establish  safe  and  economical  cleaning 
schedules,  and  to  develop  antifouling  treatments. 

Construction  Materials  and  Techniques 

Corrosion  is  an  obvious  hazard  for  construction  materials. 
We  need  to  know  more  about  fatigue  in  the  saltwater  environment 
under  normal  and  low  temperatures. 

Although  considerable  knowledge  of  corrosion  and  deteriora¬ 
tion  of  materials  in  the  marine  environment  has  been  gained, 
much  remains  to  be  learned.  I  or  example,  it  is  reported  that  every 
year  seamen  arc  killed  by  the  whiplash  that  occurs  when  a  nylon 
towing  rope  (which  can  be  up  to  3  inches  in  diameter)  breaks. 
Nylon  is  used  extensively  for  the  towing  of  barges  and  other 
objects  because  of  its  shock-absorbing  capability .  If  stressed  beyond 
the  ultimate  load,  it  breaks,  releasing  the  energy  stored  by  snap¬ 
ping  back  toward  the  towing  craft  and  to  the  craft  that  is  being 
towed.  We  need  to  know  more  about  the  relationship  between  the 
sea  conditions,  the  towing  speed,  the  towing  resistance  of  various 
shaped  vessels,  the  dynamics  of  tethers,  and  the  long-term  degrada¬ 
tion  of  various  materials  that  are  used  for  towing  lines. 

Recommendations 

1 .  Research  should  be  emphasized  on  where  and  under  what 
conditions  submarine  mudflows  and  other  marine  geotechnique 
hazards  are  likely  to  occur.  The  basic  forcing  mechanisms  and 
how  they  trigger  a  failure  should  be  examined,  as  should  the  basic 
transport  mechanisms  and  internal  stresses.  The  engineering  prop¬ 
erties  and  spatial  distributions  of  marine  sediments  must  be 
determined.  Better  analytical  models  that  have  been  experimen¬ 
tally  verified  are  urgently  needed  to  estimate  wave-structure- 
sediment  interactions. 

2.  The  extent  of  marine  biofouling  (geographical,  depth,  and 
time  distributions)  on  structures  in  the  oceans  bordering  the  United 
States  should  be  determined.  Growth  rates,  types  of  organisms, 
and  the  ways  in  which  both  parameters  influence  forces  on  and 
operations  of  floating  and  fixed  structures  should  be  quantified. 

3.  Strength  and  fatigue  characteristics  of  materials  used  in 
the  ocean  should  be  determined.  In  some  cases,  very  nonlinear 
materials  arc  used,  and  special  analysis  methods  may  be  required 
to  predict  their  response  to  the  marine  environment. 
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Research  Needs 

l  oss  of  life  and  property,  excessive  maintenance,  and  biologi¬ 
cal  damage  can  be  mitigated  with  the  knowledge  obtained  from 
engineering  research.  More  and  better  information  is  needed  in  the 
following  areas. 

Hazard  Reduction  through  University  Engineering 
Research 

University  engineering  research  is  the  cutting  edge  of  engineer¬ 
ing  graduate  education.  The  U.S.  must  fund  this  research  to 
sharpen  the  minds  of  its  graduate  students,  to  provide  a  stimulat¬ 
ing  environment  for  professional  development  of  the  faculty,  and 
to  provide  the  required  information  for  designers  and  other  practi¬ 
tioners  that  will  reduce  losses  from  natural  hazards.  The  following 
areas  are  prime  targets  of  university  engineering  research. 

Common  results  of  coastal  or  ocean  engineering  efforts  are 
the  acquisition  of  a  facility  in  the  ocean  or  on  the  coast,  dredging, 
the  protection  of  the  water  quality  of  the  ocean  or  estuaries,  and 
coastal  zone  management.  Environmental  studies  are  carried  out 
in  support  of  a  design  requiring  locating,  relocating,  modifying, 
or  terminating  a  structure  or  process  such  as  the  disposal  of  wastes 
in  the  ocean.  Typical  facilities  include  breakwaters,  harbors,  piers, 
offshore  platforms,  coastal  roads,  aids  to  navigation,  beaches, 
outfall  pipes,  dikes,  storm  and  tsunami  barriers,  oceanographic 
research  buoys,  and  sensor  platforms.  The  engineer  attempts  to 
predict  the  stresses  within  the  structure,  its  motion,  the  fate  of 
whatever  that  structure  may  contain,  and  the  response  of  the 
surrounding  environment  to  that  structure  or  its  contents.  For 
example,  ocean  outfall  pipelines  are  subjected  to  forces  from 
waves,  currents,  mudflows,  earthquakes,  and  construction  loads. 
The  engineer  must  design  the  outfall  to  resist  these  stresses  while 
dispersing  wastewater  under  severe  environmental  conditions. 
Furthermore,  the  facility  must  not  unduly  influence  sand  trans¬ 
port  in  the  littoral  region  of  the  ocean,  and  the  effluent  must  not 
unduly  degrade  the  surrounding  environment.  All  of  these  criteria 
must  be  met  within  a  budget  that  is  affordable. 


Engineering  predictions  of  the  response  of  structures  and  the 
environment  rely  heavily  on  mathematics,  tempered  with  the  re¬ 
sults  of  measurements  and  observations.  This  is  particularly  true 
in  the  case  of  ocean  waves  and  currents.  Very  large  and  sometimes 
very  compliant  ocean  structures  are  considered  wherein  the  mathe¬ 
matical  and  statistical  predictors  arc  of  an  advanced  and  compli¬ 
cated  nature.  Therefore,  to  help  mitigate  the  hazards  of  nature,  we 
urgently  need  basic  research  into  the  nature  of  the  mathematics 
and  statistics  for  these  predictors.  Mathematical  methods  rely 
heavily  on  modern  computers,  laboratory  and  field  measurements, 
and  ingenuity  in  devising  ever  better  methods  of  mathematical  and 
statistical  formulation. 

The  three  basic  areas  of  study  for  developing  acceptable 
predictors  for  construction  arc  (1)  mathematics  and  statistics.  (2) 
laboratory  testing,  and  (3)  prototype  field  measurements.  Before 
engineers  can  have  confidence  in  mathematical  and  statistical 
models,  there  must  be  carefully  controlled  experiments  to  test  the 
theories. 

The  engineer  can  study  a  scaled  model  of  an  engineering 
project  or  the  full-scale  prototype.  The  advantages  of  working  in 
the  laboratory  arc  that  it  is  usually  less  costly,  the  physical  vari¬ 
ables  can  usually  be  controlled  one  at  a  time,  the  sealed  prototype 
design  conditions  (design  storm  intensity,  etc.)  can  be  modeled, 
high-quality  measurements  can  be  made,  and  the  test  usually  takes 
a  relatively  short  time.  Major  disadvantages  are  that  scaling  ef¬ 
fects  sometimes  limit  application  of  the  data  to  the  full-scale 
prototype  conditions,  and  analytical  inferences  must  be  used. 
Sometimes  important  phenomena  cannot  be  included  in  a  model 
study  and  the  results  must  be  interpreted  knowingly.  In  addition, 
laboratories  must  be  kept  busy  nearly  full  time  to  be  self-supporting. 
Some  countries,  such  as  Japan,  the  Netherlands,  and  Norway, 
recognize  the  powerful  advantages  of  large-scale  laboratory 
experimentation.  Those  governments  subsidize  extremely  high- 
quality  laboratories.  The  payoff  never  enters  a  financial  ledger, 
but  it  is  real  in  terms  of  added  safety  and  economy  for  coastal  and 
ocean  engineering  facilities. 

Laboratory  model  studies  can  add  significantly  to  our  knowl¬ 
edge  of  the  response  of  engineering  systems  to  marine  hazards. 
Engineers  in  the  United  States,  however,  are  severely  constrained 
by  the  lack  of  quality  facilities,  which  tend  to  be  large  and  expensive. 
New  funding  is  needed  to  establish  them.  Laboratory  centers 
could  be  established  which  would  be  available  to  all  users,  regard¬ 
less  of  the  location  of  their  employment.  This  cooperative  venture 
would  be  similar  to  that  existing  now  in  the  use  of  oceanographic 
research  vessels. 


The  third  area  of  investigation  requisite  to  developing  ade¬ 
quate  predictors  is  field  measurements.  The  principal  advantages 
of  field  studies  are  that  there  are  no  scaling  effects  and  all  vari¬ 
ables  arc  necessarily  included.  The  disadvantages  of  field  studies 
are  relatively  high  costs,  lower  reliability  of  measurements,  the 
inability  to  control  the  variables  individually  by  isolating  the  envi¬ 
ronmental  parameters,  and  the  risk  of  total  loss  of  an  experiment 
in  an  extreme  environmental  event.  There  arc  two  categories  of 
field  studies— measurements  of  the  response  of  a  structural  or 
fluid  system  to  the  various  full-scale  stimuli,  and  measurements  of 
the  stimuli  themselves. 

I  ong-term  field  measurements  of  storms  and  waves  on  all  the 
coastlines  of  the  L'.S.  arc  needed.  A  long-term  commitment  of  at 
least  20  years  should  be  made  to  gathering  and  preparing  for  fast 
retrieval  the  statistical  information  on  wave  parameters  so  that  a 
proper  assessment  of  that  hazard  can  be  made.  The  same  is  true 
for  monitoring  the  general  sea  level.  In  fact,  wave  measurements 
and  sea  level  measurements  can  possibly  be  combined. 

Regardless  of  the  care  taken  to  design  ocean  structures  properly, 
a  very  small  fraction  of  the  billions  of  dollars  of  construction  per 
year  will  experience  failure.  Some  of  these  may  result  in  significant 
loss  of  life  and  costly  property.  Valuable  information  can  be 
obtained  from  these  failures,  providing  we  accurately  document 
the  remaining  evidence.  1  or  example,  a  tsunami  may  inundate  a 
coastal  area,  drowning  a  number  of  people  and  destroying  consid¬ 
erable  property.  A  very  basic  question  in  such  an  incident  is,  how 
far  inland  did  the  wave  travel?  The  answer  to  this  question  exists 
clearly  for  only  a  brief  period  of  time  before  vegetation  and 
human  activities  reduce  the  evidence.  Similarly,  evidence  may  be 
short-lived  regarding  the  cause  of  the  capsizing  of  semisubmcrsible 
drilling  platforms  or  fishing  vessels. 

Recommendations 

1.  To  ensure  that  valuable  information  is  gathered  and  re¬ 
corded  after  a  disastrous  event,  we  recommend  that  a  team  of 
experts  be  on  call  and  a  fund  of  money  be  available  to  dispatch 
this  team  to  the  site  as  soon  as  possible.  Organized  evaluations  of 
coastal  and  ocean  disasters  are  not  now  widely  undertaken  be¬ 
cause  neither  the  manpower  nor  the  funds  exist.  The  need  for  such 
studies  is  nationwide.  Therefore,  a  federally  funded  program  of 
this  nature  would  be  appropriate. 

2.  Long-term  field  measurements  should  be  funded  to  study 
coastal  and  ocean  hazards. 

3.  Field  studies  of  full-scale  prototype  structures,  where  scale 
effects  are  nullified,  should  be  encouraged. 


4.  Laboratory  equipment  should  be  revitalized  and  enlarged. 
Model  studies  are  essential  links  in  the  three  areas  (analysis,  model 
studies,  and  full-scale  studies)  of  engineering  research  and  vse  need 
to  catch  up  \sith  the  capabilities  of  other  nations. 

5.  Analytical  studies  based  on  mathematics,  statistics,  and 
computeri/cd  methods  need  to  be  enlarged  to  encompass  the  di¬ 
verse  range  of  activities  in  which  the  U.S.  is  involved  on  the  coast 
and  in  the  ocean. 

Coastal  and  Ocean  Engineering  Education 

Students  of  coastal  and  ocean  engineering  must  have  a  thor 
ough  knowledge  of  fundamental  and  advanced  mathematics  and  a 
rigorous,  comprehensive  understanding  of  the  physics  of  water 
waves,  tides,  and  currents.  Beyond  that,  areas  of  specialization  are 
in  structural  design  and  analysis,  sediment  transport,  mixing 
processes,  fluid  and  structure  motion  interaction,  submerged  soils 
and  their  characteristics  as  foundation  materials,  marine  construc¬ 
tion,  and  electronics.  Complex  water  motions  that  result  from  the 
interaction  of  waves  with  fixed  and  moving  stuctures  and  with 
bottom  and  shoreline  sediments  result  in  water  motions  and  pres¬ 
sure  distributions  that  are  difficult  to  predict  accurately.  In  addition, 
ocean  waves  often  progress  from  different  directions  with  compli¬ 
cated  motions  resulting  from  the  several  waves  present.  The  em 
phasis  on  water  waves  in  conjunction  with  the  required  broad 
technical  background  distinguishes  a  coastal  or  ocean  engineer 
from  other  engineers.  Because  of  the  advanced  nature  of  such 
studies,  the  degree  earned  is  usually  a  master’s  or  doctoral  degree. 

The  analysis  of  coastal  and  ocean  engineering  structures  is 
somewhat  different  from  that  of  land-based  structures,  although 
advanced  analysis  techniques  (for  example,  finite  element  analysis 
and  thin  shell  methods)  may  be  the  same.  The  difference  is  in  the 
type  of  structures.  Fixed  ocean  platforms  have  been  constructed, 
and  additional  structures  arc  planned,  that  are  taller  than  the  F.m- 
pire  State  Building.  Large  floating  platforms  supporting  drilling 
equipment  can  be  moored  in  water  depths  of  a  few  thousand  feet. 
Tension-leg  platform  decks  can  accommodate  several  football 
Helds.  Subsurface,  moored,  acoustic  arrays  for  defense  purposes 
may  involve  several  thousands  of  feet  of  structural  mooring. 

Because  of  the  complexity  of  the  related  phenomena,  it  is 
only  at  the  graduate  level  that  a  student  can  acquire  the  necessary 
tools  to  be  an  effective  coastal  or  ocean  engineer.  However,  many 
coastal  and  ocean  works  are  designed  by  engineers  who  have  not 
had  graduate  training  because  the  economics  of  our  time  induce 
them  to  enter  industry  right  after  receiving  the  baccalaureate. 
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Historically.  coastal  and  ocean  engineering  has  generated 
moderate  interest  among  students,  both  from  the  United  States 
and  from  other  countries.  However,  in  the  past  decade,  starting 
salaries  from  private  industry  have  steadily  risen  for  graduates 
with  a  new  bachelor's  degree  in  engineering,  while  available  fund¬ 
ing  tor  graduate  students  has  declined  because  of  federal  budget 
cuts  iii  programs  that  traditionally  supported  ocean-related  engi¬ 
neering  research.  As  a  result,  a  trend  has  developed  toward  in¬ 
creased  enrollment  of  foreign  students  and  decreased  enrollment 
ot  I  S.  students  in  marine-related  engineering  programs. 

In  ordei  to  develop  a  technology  that  will  mitigate  losses  from 
natuial  and  human  marine  hazards,  our  universities  must  become 
economically  competitive  for  the  top  engineering  graduates  so  that 
a  reasonable  number  will  pursue  graduate  programs  in  this  field. 
Not  only  will  these  young  people  help  in  the  conduct  of  engineer¬ 
ing  research;  they  will  also  learn  the  basics  of  applied  coastal  and 
ocean  engineering  for  later  application  to  their  profession.  Well- 
trained  students  in  this  field  historically  have  been  in  strong  de¬ 
mand  by  marine-related  industries,  consulting  firms,  and  govern¬ 
ment  agencies.  The  number  of  U.S.  graduates  in  this  field  can  be 
increased  by  emphasizing  a  national  program  of  research  focused 
on  coastal  and  ocean  engineering. 

In  the  last  decade,  a  number  of  Uuropcan,  Australian,  Indian, 
and  .Japanese  laboratories  have  been  built  which  have  large  experi¬ 
mental  facilities  with  the  most  modern  equipment,  such  as  direc¬ 
tional  wave  basins  and  long  wave  flumes.  These  superior  facilities 
provide  a  technological  advantage  to  foreign  researchers  because 
it  is  generally  true  that  larger-model  studies  yield  better  test  results. 
Because  such  laboratories  usually  attract  talented  personnel,  they 
become  centers  of  excellence  with  international  reputations. 
Therefore,  many  U.S.  industries  conduct  model  tests  for  their 
advanced  technology  projects  abroad.  This  potentially  devastating 
trend  can  be  reversed  only  with  better  equipment  for  research  and 
graduate  studies  in  universities  in  the  United  States. 

Recommendation 

A  federal  program  should  be  implemented  that  will  build  the 
excellent  facilities  required  to  restore  our  universities  to  a  position 
of  eminence  in  coastal  and  ocean  engineering.  A  large  expansion 
in  the  financial  support  of  research  projects  and  graduate  students 
is  required  to  help  mitigate  the  losses  from  natural  hazards  experi¬ 
enced  by  the  U.S.  on  the  coasts  and  at  sea. 
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Social  and  Economic  Studies 

Engineers  arc  required  to  design  for  both  safety  and  economy. 
It  is  therefore  natural  that  they  become  involved  in  planning  for 
alternatives  to  expensive  facilities,  such  as  the  evacuation  of  coastal 
lowlands  prior  to  the  arrival  of  a  severe  hurricane  in  lieu  of 
designing  hardened  structures  that  will  withstand  any  hurricane. 
Evacuation  costs  money,  and  we  need  to  know  the  real  cost  in 
order  to  compare  it  to  the  increased  costs  of  hardened  facilities.  A 
study  of  the  economical  and  social  concerns  related  to  marine 
hazards  is  both  reasonable  and  necessary. 

Recommendation 

The  committee  recommends  that  the  coastal  and  ocean  engi¬ 
neering  program  include  both  social  and  economic  studies. 

Programs  Abroad 

Countries  with  a  strong  emphasis  on  coastal  and  ocean  engi¬ 
neering  include  Japan.  Norway,  the  United  Kingdom,  the  Nether¬ 
lands,  Germany,  Denmark,  Australia,  and  South  Africa.  Norway 
presents  an  interesting  example.  Prior  to  the  discovery  of  the 
North  Sea  petroleum  there  was  very  little  activity  in  Norway  in 
coastal  and  ocean  engineering  except  for  work  on  fisheries  prob¬ 
lems  and  the  design  of  shipping  entrances.  In  the  15  or  20  years 
since  the  North  Sea  activity  commenced,  Norway,  a  country  of  8 
million  people,  has  developed  laboratory  facilities  far  superior  to 
those  in  the  United  States.  Norway  also  has  a  visiting  scientist 
program  which  attracts  a  number  of  coastal  and  ocean  engineers 
from  the  United  States.  The  primary  facility  in  Norway  is  a  large 
wave  basin  capable  of  generating  directional  waves.  The  basin  is 
about  330  x  460  feet  in  the  horizontal  dimensions  and  33  feet  deep, 
with  an  adjustable  floor  allowing  for  different  depths  as  needed. 
Similar  basins  of  this  general  capability  are  at  present  being  con¬ 
structed  in  the  United  Kingdom,  the  Netherlands,  Denmark,  and 
Japan.  United  States  petroleum  companies  operating  in  Norwe¬ 
gian  waters  are  encouraged  to  sponsor  studies  in  Norway.  This 
incentive  results  in  a  flow  of  research  funds  from  the  United  States 
to  Norway,  which  increases  even  further  Norway’s  general  capabili¬ 
ties  in  coastal  and  ocean  engineering.  To  at  least  some  extent  this 
results  in  a  deterioration  of  the  programs  in  the  United  States. 
This  example  illustrates  the  need  for  improved  facilities  in  the 
United  States  as  well  as  increased  research  to  keep  U  S.  coastal 
and  ocean  engineers  internationally  competitive. 
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I  he  situation  in  the  Netherlands,  the  United  Kingdom. 
Denmark,  and  Japan  is  similar  to  that  in  Norway  except  that  the 
origins  coastal  engineering  in  these  countries  predates  the  dis 
covers  of  petroleum  under  the  North  Sea.  To  illustrate  briefly  the 
level  of  facilities  and  training  within  some  of  these  countries,  the 
Netherlands  has  recently  constructed  a  large  wave  flume  denoted 
as  the  “Delta  flume"  which  is  about  850  feet  long.  17  feet  wide, 
and  20  feet  deep.  I  his  flume  is  capable  of  generating  irregular 
waves  that  model  ocean  conditions  up  to  heights  of  8  to  9  feet, 
thereby  representing  prototype  storm  waves  at  scale  ratios  of  from 
1:3  to  1:8.  I  his  particular  wave  facility  is  large  enough  to  mini¬ 
mize  almost  any  concern  about  scale  effects. 

Both  the  Netherlands  and  Denmark  are  very  competitive  in 
attracting  international  projects  for  study  in  their  facilities  and  in 
carrying  out  numerical  modeling  and  analytical  studies.  Denmark 
in  particular  competes  very  effectively  in  carrying  out  field  projects, 
particularly  in  developing  countries.  The  results  of  these  studies 
further  enhance  their  laboratory  and  numerical  modeling  efforts. 

The  international  education  programs  of  the  Netherlands 
generally  last  for  one  year  and  include  a  designated  program  in 
coastal  engineering,  which  attracts  many  students  from  develop¬ 
ing  countries.  Ihese  programs  provide  the  Netherlands  with  an 
entree  to  the  projects  for  these  countries. 

After  VVVVII  the  United  States  was  a  world  leader  in  coastal 
and  ocean  engineering.  This  lead  has  slipped  during  the  last  two 
decades  because  of  a  lack  of  competitive  facilities  and  because  of 
the  greatly  reduced  research  funding  within  the  United  States.  To 
some  extent,  the  lack  of  research  funding  is  related  to  the  funding 
by  U  S.  companies  of  research  effons  overseas.  To  an  even  larger 
extent,  our  competitive  edge  is  lost  because  of  the  very  low  level  of 
funding  by  the  United  States  government.  At  present  there  is  no 
government  program  supporting  coastal  and  ocean  engineering  in 
the  universities. 

The  largest  university  wave  flume  is  at  Oregon  State  Univer¬ 
sity  (340  feet  long.  12  feet  wide,  and  15  feet  deep,  and  generating 
waves  up  to  5  feet  high).  This  flume  has  been  self-supporting  since 
its  construction  in  1973.  However,  it  is  in  need  of  new  equipment, 
such  as  data  recording  and  processing  computers.  Constructed 
with  local  funds,  the  OSU  facility  grew  out  of  an  intuition  that  it 
would  be  successful  because  of  the  scarcity  of  such  installations  in 
the  United  States  and  because  of  the  keen  interest  of  the  ocean 
engineering  faculty.  This  intuition  proved  to  be  sound.  However, 
the  activities  in  coastal  and  ocean  engineering  by  the  United  States 
arc  so  numerous  that  wc  need  more  and  better  installations,  and 


the  facility  at  OSl  '  is  in  need  of  improvements  in  order  to  compete 
with  the  major  laboratories  abroad.  One  of  the  first  studies  in  this 
facility  was  for  the  government  of  the  Netherlands.  The  Nether¬ 
lands  used  the  results  and  the  experience  to  design  the  Delta  flume, 
which  now  attracts  many  international  research  and  engineering 
projects. 
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Conclusion 

I'his  quickly  assembled  report  is  intended  as  a  preliminary 
planning  document  to  show  the  importance  of  coastal  and  ocean 
engineering  research  in  mitigating  natural  and  man-made  hazards 
on  the  coast  and  in  the  ocean.  This  report  also  intends  to  alert  the 
reader  to  the  fact  that  because  of  the  lack  of  research  funds, 
financial  support  of  graduate  students,  and  the  nonexistence  of 
funds  to  modernize  U.S.  university  laboratories,  domestic  indus¬ 
tries  have  been  forced  to  import  coastal  and  ocean  engineering 
technology  from  abroad.  If  the  National  Science  Foundation  de¬ 
cides  to  direct  funds  to  a  program  in  coastal  and  ocean  engineering,  a 
more  detailed  cost  summary  will  be  developed  by  an  appropriate 
committee  of  coastal  and  ocean  engineers. 

I  his  report  should  be  considered  in  conjunction  w  ith  refer¬ 
ence  9.  the  proceedings  from  a  symposium  at  which  an  interna¬ 
tional  group  of  engineers  met  and  reported  on  research  needs  and 
facilities  requirements  from  the  viewpoint  of  shallow  water  ocean 
engineering.  The  group  also  discussed  whether  a  national  research 
center  for  this  work  should  be  established.  However,  this  report 
emphasizes  the  cause  and  effect  approach— that  is,  what  are  the 
research  needs  resulting  from  the  existence  of  natural  hazards? 

Coastal  and  ocean  engineering  has  evolved  as  a  distinct  branch 
of  engineering  because  of  the  need  to  understand  the  marine 
env  ironment  in  order  to  design  the  specialized  structures  required. 
Engineers  spend  a  great  deal  of  time  studying  the  physics  of  wave 
motions  and  the  response  of  structures  and  beaches  to  the  waves. 
Special  considerations  have  recently  been  directed  toward  the 
behavior  of  marine  sediments  as  support  for  foundations. 

There  is  a  need  to  acquaint  the  public  and  governmental 
organizations  in  general  with  the  discipline  of  coastal  and  ocean 
engineering  and  demonstrate  that  more  well-educated  practition¬ 
ers  arc  called  for  to  carry  out  the  research,  design,  construction, 
and  operation  of  activities  along  our  coastlines  and  at  sea. 
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Recommendations 

1.  A  research  program  should  he  identified  within  the  NS1 
for  coastal  and  ocean  engineering  research.  A  first -year  budget  of 
S3  million  is  suggested  to  cover  the  costs  of  administration; 
analytical,  laboratory,  and  modest  field  research  studies;  and 
planning  studies  for  important  new  construction  of  research 
facilities.  The  second-year  funding  should  be  $6  million  to  cover 
the  same  subjects  as  the  first  year’s  funding,  plus  a  start  on 
facilities  improvements.  The  third  and  succeeding  years  should 
probably  be  S 10  million  per  year  to  supply  funds  for  the  acceler¬ 
ated  research  program  and  ongoing  improvement  of  facilities. 
Reports  that  follow  will  more  carefully  break  down  costs  into 
detailed  areas. 

2.  The  program  should  be  administered  by  the  Civil  and 
E  nvironmental  Fngineering  Division  of  NSE-.  Peer  review  of  pro¬ 
posals  should  be  done  predominantly,  but  not  entirely,  by  coastal 
and  ocean  engineers.  The  director  of  the  program  should  be  a 
coastal  and  ocean  engineer  and  serve  in  a  two-year  chairmanship, 
after  which  time  another  professional  in  the  field  should  be  selected. 

3.  Initially,  the  funded  research  should  be  directed  toward 
hurricanes  and  winter  storms,  long-term  sea  level  rise,  tsunamis, 
ice  and  other  phenomena  characteristic  of  cold  regions,  biofouling 
and  corrosion,  and  the  ways  in  which  these  natural  hazards  influ¬ 
ence  beach  erosion,  breakwater  stability,  silting  of  harbors,  wave 
forces  on  structures,  flooding  of  low  lands,  capsizing  of  small 
vessels,  loss  of  aids  to  navigation,  ice  abrasion  in  the  Arctic, 
accumulation  of  biological  growths  on  structures,  and  large  sub¬ 
marine  mudflows. 

4.  i;  is  possible  that  a  long-term  sea  level  rise  is  in  progress 
which  will  create  severe  losses  within  the  next  100  years.  It  is 
imperative  that  we  promote  a  concerted  effort  to  make  sophisti¬ 
cated  measurements  of  mean  sea  level  over  the  next  10-year  period 
to  identify  changes  in  sea  level. 
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The  Committee 

This  ad  hoc  committee  was  selected  to  represent  various  areas 
of  research  work  and  various  disciplines  within  the  profession  of 
coastal  and  ocean  engineering.  A  balance  was  sought  between 
eminent,  well-established  engineers  and  younger  researchers  in  the 
early  phases  of  their  careers.  These  members  come  from  a  cross 
section  of  states  concerned  with  coastal  and  ocean  engineering. 
Some  committee  members  represented  administration  and  the  field 
of  science.  The  committee  members  are  listed  below  with  brief 
information  on  their  backgrounds. 

DAVID  R.  BASCO  is  a  professor  of  civil  and  ocean  engineering 
at  Texas  A  &  M  University.  Prior  to  that  he  worked  at  the  Corps 
of  Engineers  Waterways  Experiment  Station  in  Vicksburg  and 
spent  some  time  in  the  Netherlands  at  the  Delft  Technical  Univer¬ 
sity  and  the  International  Institute  of  Hydraulic  Engineering.  His 
current  research  topics  are  coastal  hydrodynamics,  surf  zone  wave 
mechanics,  wave  breaking, and  numerical  simulation. 
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a  member  of  the  Coastal  l Engineering  Research  Council,  the  Ma¬ 
rine  Board  of  the  National  Research  Council,  and  the  National 
Academy  of  {Engineering.  He  is  co-author  of  the  book  Water 
Wave  Mechanics  for  Engineers  and  Scientists  published  b\  Prentice- 
Hall  in  June  1984. 

ROB  HOI  MAN  is  an  associate  professor  of  oceanography  at 
Oregon  State  University.  He  received  his  Ph  D.  from  Dalhousie 
University  and  has  been  at  OSIJ  since  1979.  His  primary  research 
interest  is  nearshore  processes. 

ROBERT  T.  HUDSPETH  is  a  professor  of  civil  engineering  in 
the  Ocean  Engineering  Program  at  Oregon  State  University.  He  is 
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He  has  served  as  the  first  editor  and  is  now  the  associate  editor  of 
the  International  Journal  of  Applied  Research.  His  primary  re¬ 
search  interests  are  ocean  wave  dynamics,  seabed  dynamics,  and 
subsidence  of  soils. 
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BRl'CT  .1.  Ml'CiA  is  a  professor  ot  civil  engineering  at  Duke 
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ROBERT  L.  SCH1FFMAN  is  a  professor  of  civil  engineering  at 
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University  of  California.  Berkeley.  His  primary  research  interests 
are  wave  spectra,  surf  characteristics,  wave  forces,  tsunamis,  and 
mixing  of  densimetric  discharges.  He  is  chairman  of  the  ASCE 
Coastal  Engineering  Research  Council;  a  member  of  the  U'.S. 
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